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1.  ROREWOHD 

This  progress  report,  the  second  following  the  annual  report  of 
30  June  1947  covers  the  work  of  the  period,  Oct.  1,  19^7  to  Dec.  31,  1947. 
The  work  of  this  period  has  carried  forward  the  experimental  survey  and 
has  resulted  in  the  accumulation  of  a  large  mass  of  data  relating  to 
the  science  and  technology  of  sintered  plates.  It  has  carried  us  forward 
to  the  assembly  of  sintered  plate  batteries  whose  performance  and  life 
will  be  determined  during  the  remainder  of  the  contract.  Our  present 
knovdedge,  reflected  by  the  experimental  data  which  has  been  presented 
prior  to  this  report  and  in  the  present  report,  will  enable  the  construction 
of  the  req.uired  all  sintered  plate  batteries.  It  ha-s  pointed  to  many 
means  of  improving  the  batteries  and  the  experiments  have  in  many  cases 
defined  the  phenomenon  occurring  in  alkaline  batteries. 

'O 

The  program,  under  the  contract,  is  intended  to  culminate  in 
the  manufacture  of  between  20  and  200  alkaline-type  batteries  with 
sintered  positive  and  negative  plates,  with  the  batteries  to  meet  the 
requirements  of  specification  ELSL50S6,  3/17/46.  It  now  appears  that 
there  is  a  marked  increase  in  interest  in  performances  at  high  rates  of 
discharge  and  this  may  to  a  certain  extent  change  the  exact  course  of 
the  program.  The  e:<perimental  work  has  indicated  up  to  this  time  that 
for  batteries  with  sintered  plates  and  performances  in  the  ordinary 
(  ranges  of  5,  8  and  20  hour  rates  can  be  carried  by  plates  of  either  2  or 
4  ram.  of  thickness.  The  requirements  up  to  this  time  have  led  us  to 
concentrate  on  the  thicker  plates  since  the  evidence  from  the  experi¬ 
mental  vjork  showed  a  decided  advantage  in  favor  of  the  thicker  plates 
from  several  points  of  view. 

The  present  report  does  not  present  a  complete  analysis  of  the 
data  amassed  U]p  to  this  time.  In  proceeding  with  the  program,  there 
must  be  a  constant  thought  of  correlating  what  is  done  in  the  production 
of  sintered  plaoues  with  the  ultimate  behaviour  of  a  plate  in  the  battery 
and  the  properties  of  the  product  of  the  initial  step  must  be  evaluated 
in  terms  of  the  final  use.  It  is  a  natural  consequence,  therefore,  that 
ideas  will  be  promulgated  and  transferred  into  actual  experiments,  often 
before  the  guiding  principles  have  been  thoroughly  established.  It  is 
to  be  expected  that  these  progress  reports  will  often  represent  a  stage 
in  the  evolution  of  a  correct  interpretation  or  what  might  be  embodied  in 
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the  expression  of  “thir^king  aloud,”  Ihere  is  every  intention  of 
presenting  thorough  and  logical  analyses  of  the  accumulated  data,  though 
many  of  the  developments  will  supply  seed  for  the  desired  further ‘devel*- 
opment  of  highly  efficient  and  rugged  sintered  plate  alkaline  hatteries,. 

It  has  been  indicated  that  the  work  under  this  developmental 
contract  has  provided  the  background  of  fulfilling  the  specifications 
of  the  battery  on  which  it  was  based.  The  accumulation  of  data  has 
been  made  from  the  point  of  view  of  providing  the  necessary  information 
on  which  a  plant  for  quantity  x^roduction  can  be  designed*  The  importance 
of  this  background  of  information  can  not  be  overemphasized  when  one 
analyses  the  dix'ficulties  encountered  in  the  manufacture  of  sintered 
plate  batteries  by  A.F.A.G.  There  is  an  overwhelming  tendency  to 
assume  that  the  trans?uat ion  from  laboratory  operations  to  industrial 
manufacturing  was  made  with  due  disrespect  and  disregard  for  the  detailed 
factual  information  which  was  developed  and  which  seems  to  have  been 
destroyed  in  the  w  alee  of  the  American  invasion  of  Germany.  In  any 
event,  the  German  experience  should  teach  the  need  for  translating  each 
step  in  terms  of  the  accTimulated  laboratory  experience. 

The  corollary  of  the  proposition  that  the  translation  of  design 
from  laboratory  to  production  unit  be  made  on  the  basis  of  experimental 
data,  is  embodied  in  the  principle  that  adequate  means  of  controlling 
the  unit  processes  be  provided,  Heed  for  this  step  is  clearly  apparent 
from  our  studies  and  experiences  with  light  carborx;^!  powder.  ¥e  now 
have  a  definite  picture  of  the  requirements  in  the  matter  of  the  required 
control  and  a  greater  effort  should  be  devoted  to  the  study  of  non¬ 
destructive  methods  of  testing.  The  need  for  such  control  in  the  present 
instance  may  be  accentuated  by  the  use  of  batch  processing,  yet  reference 
to  the  technique  and  results  of  the  Durac  sintering  operation  is  a  force¬ 
ful  reminder  that  the  success  of  a  large  scale  production  may  well  be 
a  function  of  the  methods  of  control  applied  to  the  manufacturing  processes* 

These  considerations  apply  to  the  expansion  of  the  operations  bo 
the  manufacturing  scale.  In  the  same  v;ay  it  is  possible  to  project  the 
present  findings  into  the  future  possibilities  of  research.  The  results 
of  fundamental  investigations  can  not  always  be  predicted,  but  it  seems 
a  safe  bet  to  assume  that  a  better  miderstanding  of  the  nature  of  the 
nickel^cadmium  cell  ar^i  the  mechanism  of  the  processes  will  lead  to  new 
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and  improved  batteries.  It  is  a  virgin  field  from  the  point  of  view  of 
the  application  of  the  newer  tools  and.  theory  of  modern  science. 

As  an  example,  the  mystery  surrounding  the  function  of  lithium 
ion  in  the  alkaline  cell  should  not  continue  to  baffle  us  and  remain  a 
purely  empirical  phenomenon.  The  clues  are  in  the  chemical  and  physical 
characteristics  of  the  lithium  ion  and  its  interaction  v/ith  other  com-'' 
ponents  of  the  system.  If  the  effect  is  purely  one  of  diffusion  and  the 
related  hydrodynamical  effects  of  lithium  ion,  the  vast  field  of  organic 
cations  should  yield  one  of  characteristics  reproducing  the  effect  of 
the  lithium  ion*  This  v/ould  establish  a  \jedge  into  the  closed  book  of 
expl.aining  the  action  in  reasonable  terms  and  then  predicting  the  course 
of  events  under  less  favorable  conditions  and  thus  opening  the  road  to 
improvement . 

Or,  let  us  look  into  the  meciianism  of  the  vacuum  impregnation 
process*  To  date  we  assume  that  each  successive  vacuum  impregnation  of 
nickel  plaques  precipitates  lesser  amounts  of  active  masses  in  the  pores 
of  the  plaque  because  of  some  difficulty  in  reaching  all  of  the  pores 
with  solution,  despite  the  vacuum  treatment.  The  experiments  with  porous 
graphite  plates  gives  some  credence  to  this  explanation  provided  that  it 
is  assumed  that  the  pores  are  smaller  than  a  certain  size.  On  the  other 
hand,  we  know  little  about  the  possibilities  of  a  resolution  of  previously 
precipitated  active  mass  in  the  strong  nickel  and  cadmium  nitrate  solutions, 
in  vjhich  range  soluble  basic  compounds  can  exist  even  if  only  in  a 
metastabile  state.  Here  v;e  might  easily  visualize  the  application  of 
isotope  tracer  technique  to  evaluate  the  chemistry  of  the  process. 

Illustrations  may  be  added  up  to  a  large  number.  The  present 
work  is  concerned  in  examining  such  possibilities  for  the  future  possibili-" 
ties  for  development  and  expansion  of  an  item  like  the  nickel'-cadmium 
battery  are  often  closely  linked  with  an  intelligent  appraisal  of  the 
field  of  research  and  ”room”  for  improvement .  There  is  a  certainty  that 
the  field  is  rich  in  its  possible  development.  It  may  be  likened  to  the 
favorable  geological  indications  for  tabulating  '•probable**  ore  reserves, 
awaiting  development  and  mining. 


2.  PUBPOSS 


This  progress  report  covering  the  [sixth  quarter  under  the  contract 
gives  a  resume  of  the  vork  on  sintering  light  carhonyl  nickel  powder  to 
produce  porous  plaques,  the  impregnation  of  the  porous  plaques  with  nickel 
or  cadmium  nitrate  solutions  to  produce  positive  or  negative  plates, 
and  on  the  testing  of  such  plates  in  cells  to  detex'mine  capacity  and 
beha-viour.  The  vjork  continues  along  certain  lines  of  exploration  but 
sufficient  experimental  data  is  presented  to  show  that  a  satisfactory 
state  of  progress  has  been  reached  with  regard  to  the  objectives  of  the 
program  and  the  contract. 

3,  SUI-g-IARY 


a.  A  total  of  383  plaques  yere  sintered  of  which  I30  were  S  planues, 
10.5  sq.  in.  in  area,  prepared  in  the  3,6  x  3*0  inch  two-piece  form  and 
of  which  the  balance  were  prepared  in  the  three-piece  M  forms,  mainly 
v^ith  an  area  of  14  sq,  in.  The  compacts  v/ere  assembled  in  the  manner 
previously  described  and  sintered  under  the  usual  conditions  in  a  pro¬ 
tective  gas  atmosphere. 

b.  The  plaoues  Mere  made  from  light  carbonyl  powder  using  a  series 
of  5  lbs.  samples,  labeled  3-1  to  B-10,  receiv  d  from  International 
Hickel  Co,,  and  from  the  first  large  batch  of  1000  lbs.  received  from 
this  company.  These  powders  shovjed  a  variation  in  apparent  density, 
determined  with  the  Scott  vo?-umeter,  from  0,46  to  0,88,  The  apparent 
density  of  the  powder  packed  into  the  form,  corrected  for  the  grid  weight 
and  volume,  was  higher  by  an  average  ratio  of  1.37.  This  increase  in 
apparent  density  with  the  gentle  handling  of  the  povfder  in  making  the 
compacts  may  be  an  important  factor  in  controlling  the  percentage  shrink¬ 
age  on  sintering. 

c.  The  percentage  shrirdcage  in  thickness  on  sintering  of  the  light 
carbonyl  nickel  pov;ders  has  shown  a  steady  decrease  in  the  series  of 
powders  which  have  been  made  available.  Expressed  in  terms  of  the  ratio 
of  form  or  compact  thickness  to  final  plaque  thicloiess,  the  shrinlcage  has 
varied  from  1.48  to  1.23.  This  approaches  the  figure  reported  in  German 
practice,  although  one  German  nickel  powder  showed  an  appreciably  lower 
shrinkage,  Ecr  a  given  pov^der,  such  as  International  Uickel  Go’s  B 
series,  it  appears  that  shrinkage  in  thickness  on  sintering  of  compacts 
decreases  with  increasing  apparent  density. 

d.  The  B  series  of  po\i(ders  has  the  bulk,  92  to  95^»  of  its  particles 
In  sises  smaller  than  325  mesh  (44  microns.).  The  aggregate  or  effective 
particle  size  and  shape  appears  to  be  a  function  of  treatment  and  envir¬ 
onment,  carryiiog  the  work  into  a  field  where  quantitative  relationships 
are  complex  and  ill-defined  at  the  moment. 
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e.  Plaques  of  increased  area  have  heen  made  hy  increasing  prin¬ 
cipally  the  height  of  the  plaque  originally  designed  for  the  B-iSL  5086 
battery,  to  permit  an  increase  in  capacity  of  the  battery.  The  dimensions 
had  been  based  on  prior  experience  with  pocket-type  nickel  cadmium  alkaline 
batteries. 

f .  Change  from_  the  two-piece  to  the  three-piece  form  for  sintering 
corapa^cts  resulted  in  an  appreciable  increase  in  the  weight  of  the  form 
thereby  necessitating  a  cliange  in  sintering  conditions  to  produce  plaques 
of  the  desired  thiclcness.  Aiixiliary  phj/'sical  tests  such  as  hardness 

or  electrical  resistance,  particularly  non-destructive  testing,  is  desir¬ 
able  to  permit  exact  comparison  of  plaques  of  different  dimensions. 

g.  The  effect  of  time  of  sintering  at  one  minute  intervals  from 

3  to  15  minutes  vjas  studied  for  the  tvjo  forms.  The  shrinkage  curves  were 
parallel  and  did  not  reach  a  steady  state  within  the  time  limit  proscribed 
for  these  tests. 

h.  Experiments  with  thin  rolled  and  elect reformed  nickel  sheet  grids 
indicate  tliat  satisfactory  plaques  of  the  required  pcipcsity  and  flatness 
can  be  mad.e  by  allowing  a  sufficient  space  for  expansion  of  the  grid 

in  the  form  cavity.  This  item  appears  to  be  of  importance  in  the  design 
of  grids  v.'ithout  a  re-enforcing  heavy  frame  although  on  the  latter  case 
it  is  postulated  that  the  failure  to  allov/  for  expansion  of  the  frame 
during  the  sintering  process  may  v/ell  be  responsible  for  residual  stress 
which  exerts  its  effect  in  the  subsequent  electrochemical  behaviour. 

i.  Experiments  with  thin  pro-sintcred  carbonyl  nickel  grids  failed 
in  providing  an  improA''ed  degree  of  adhesion  between  the  sintered  powder 
and  the  grid.  The  absence  of  any  tendency  for  carbonyl  nickel  poxi/der 

to  adhere  to  prepared  surfaces  is  in  marked  contrast  to  experiences  in 
the  decomposition  of  nickel  carbonyl, 

j.  The  origin  of  cracks  in  plaques,  madq&vident  on  sintering  com¬ 
pacts  of  carbonj''!  nickel  powder,  are  discu-ssed.  The  cracks  are  apparently 
of  little  or  no  effect  on  the  ultimate  electrochemical  characteristics. 

of  the  finished  plates, 

k.  Ho  further  work  has  been  carried  on  with  copper  powders  since 
the  accumulated  evidence  favors  the  possibility  that  difficulties  encovmt- 
ered  in  the  German  negative  plates  are  a  result  of  the  use  of  copper  in 
the  negative  plates. 

l.  Impregnation  of  plaques  with  cadmim  nitrate  solution  to  produce 
negative  p?uates  has  been  shown  to  result  in  approximately  the  same  loading 
at  atmospheric  pressure  as  by  the  multiple  vacuiam  procedure.  The  weight 
gain  in  the  first  inqjregnation  cycle  by  the  atmospheric  procedure  exceeds 
the  weight  gain  for  a  similar  vacuum  impregnation. 
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Summary  (Oontd.) 


m.  ipor  the  normal  solution  cozicentrations ,  increase  in  the  temper-- 
a,ture  at  which  atmospheric  impregnation  is  made,  decreases  the  weight 
gain  for  "both  positive  and  negative  plates. 

n.  The  impregnation  process  is  characterised  oy  a  recurrent  cycle 
of  gas  evolution  under  the  conditions  of  atmospheric  impregnation.  This 
phenomenon  probably  accounts  for  the  variation  in  v/eight  gaiii  as  a  function 
of  the  immersion  period. 

o.  Impregnsdion  of  plaques  with  nickel  nitrate  solution  to  produce 
positive  plates  at  atmospheric  pressure  results  in  a  higher  weight  gain 

in  a  single  cycle  for  periods  of  one  hour  or  more  than  in  the  corresponding 
vacuum  treatment.  The  small  irregular  increase  in  weight  gain  with  in¬ 
creased  time  beyond  one  hour  offers  no  advantage  Judging  solely  by 
theoretical  capacities.  Multiple  cycles  of  impregnation  at  atmospheric 
pressure  result  in  theoretical  capenities  of  the  same  order  of  magnitude 
as  obtained  with  multiple  vacuum  impregnations. 

p.  Maintenance  of  constant  acidity  during  the  impregnation  process 
at  atmospheric  pressure  does  not  enhance  the  theoretical  capacity,  and 
actually  showed  a  slight  decrease  over  comparable  tests  in  which  the 
initial  acidity  was  allowed  to  change  naturally. 

q.  Vacuum  impregnations  for  multiple  cycles  shows  higher  theoretical 
capscities  for  the  negative  plates  over  positive  plates,  of  the  order  of 
magnitude  of  2:1.  On  four  cycles  of  impregnation,  the  positive  plates 
show  that  about  31]^  of  the  pore  volume  of  the  plaques  is  occupied  by 
active  mass. 

r.  Multiple  vacuum  impregnations  of  a  series  of  plates  sintered 
for  times  varying  from  5  to  15  minutes  shov/ed  a  constant  theoretical 
capacity  based  on  pore  volume,  namely  1.2?  grams  of  nickelous  h^^droxide 
per  cubic  centimeter  of  pore  volumot 

D.  Multiple  vacuum  imprognation  of  macroporous  graphite  pla-tes  with 
pore  diameters  varying  from  33  140  microns  showed  an  approximately 

constant  gain  per  impregnation  for  plates  with  pore  diameters  of  48 
microns  or  over#  The  plate  with  a  pore  diameter  of  33  microns  showed  a 
continual  sharp  decrease  in  theoretical  capacity  in  successive  impreg¬ 
nations.  The  net  gain  in  theoretical  capacity  varied  and  was  less  than 
with  nickel  plates* 


(contd.  on  6a) 
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Stunmary  (Gontd.) 


t.  Experiments  were  carried  out  using  lithium  hydroxide  electrolyte 
•  for  the  cathodic  polarization  of  "both  positive  and  negative  plates^ 

There  was  no  abnormal  increase  in  weight  showing  the  absence  of  a  direct 
combination  of  lithium  ion  with  the  active  masses, 

u.  Pore  volumes  calculated  from  the  volume  of  active  mass  and  the 
moisture  content  after  each  impregnation  were  found  to  be  slightly  lower 
than  the  values  calculated  from  measurements  of  the  plaoues.  The  dis¬ 
crepancy  may  be  due  to  the  difference  in  density  of  the  precipitated 
mass  from  that  of  the  crystalline  hydroxides. 

V*  The  testing  of  individual  plates  for  electrical  capacity  is 
discussed  and  the  inauguration  of  a  prograj-a  for  changing  the  testing  pro^ 
cedure  is  shown  to  be  in  order,  Yariations  in  capacity  fo’ond  in  a  series 
of  tests  of  a  given  plate  are  noted  in  tests  on  cells  made  up  of  pocket 
type  positive  and  negative  plates* 

w.  Positive  plates  impregnated  in  a  single  cycle  in  strong  nickel 
nitrate  solution  at  elevated  temperature  and  atmospheric  pressure  showed 
capacities  close  to  the  value  reported  for  Eurac  positive  plates  and  gives 
rise  to  the  possibilities  of  developing  a  single  step  impregnation 
procedure. 

X.  Multiple  atmospheric  impregnation  of  jjositive  and  negative 
plaques  at  room  temperature  yields  p?-atcs  which  show  capacities  at  co-- 
efficients  of  utilization  approximately  the  same  as  for  plates  prepared 
by  multiple  vacuum  impregnation.  The  capacities  found  for  the  plates 
prepared  by  multiple  atmospheric  impregnations  are  slightly  lov/er  than 
the  plates  prepared  by  multiple  vacuum  impregnations.  The  relationships 
pei'mit  the  evaluation  of  impregnation  processes  on  the  basis  of  theo¬ 
retical  capacities. 
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k.  Discussroff; 

^  ’  ' '  ■ '  '  '  ' 

a.  Sintering 

(1)  Light  CarLonyl  llickel  F owder .  Garhonyl  nickel  powders,  pro¬ 
duced  "by  txie  thermal  decomposition  of  gaseous  pickel  carhonyl  and  con¬ 
sisting  substantially  of  pure  nickel  metal,  may  be  subdivided  into 
two  classifications.  Ihese  classifications  have  been  convenient*y  re¬ 
ferred  to  as  heavy  and  light  in  deference  to  the  determinations  of  the 
apparent  (bulk)  density  which  has  been  the  principal  method  of  character¬ 
ization  of  the  powders.  The  heavy,  powders  fall  into  a  range  of  ^ 
densities  from  2  to  2,5  and  yield  plaques,  on^sintering  for  10  minutes 
at  1500°F-1800°F,  having  a  porosity  of  about  o5p  by  volume.  ^The  light 
powderq  fall  into  a  range  of  densities  from  0.5  to  1.1  and  yi^ld  plaques, 
sintered  under  conditions  similar  to  the  above-mentioned  conditions, 
having  a,  porosity  of  75  to  85'^  by  volume.  The  inherent  advantage  in 
weight  saving  by  using  the  light  powder  is  so  great  and' so  important  that 
work  has  been  concentrated,  on  this  type  of  powder. 

The  light  powder  for  this  program,  except  for  several^ very  small 
sanroles,  has  originated  in  England  and  has  until  recently  with  '^ti.e 
receipt  of  a  1,000  lb.  batch,  consisted  of  small  shipments  aggregating  up 
to  15  lbs,  but  generally  designated  with  batch  numbers  for  each  5 
The  light  carbonyl  pov/ders  vmich  have  been  received^  to  date  have 
in  apparent  density.  This  property  has  been  determined  for  all  of  the 
powders  with  a  Scott  Volumeter,  an  apparatus  used  for  the  determination 
of  the  apparent  density  of  pigmei^ts  used  in  the  paint  indJ-stj,y 
This  method  yields  an  arbitrary  but  reproducible  figure  which  is  lower 
than  the  apparent  density  of  the  powder  in  the  form,  calculated  from  the 
v;eight  of  pov/der,  volxjme  of  the  form,  and  corrected  for  the  volme  and 
v/eio-ht  of  the  grid.  The  ratio  of  these  two  apparent  densities  is  found 
to  be  from  1.3  to  1.45^  The  data  have  been  assembled  in  Taole  Ho.  1. 

The  variation  in  the  apparent  densities  of  the  li^t  carbonyl 
po\;ders  which  have  been  described  in  Ta-til®  Ho.  1  does  not  reilect  any 
easily  detected  difference  in  the  capability  for  sintering.  From  all 
superhcial  appearances,  the  plaques  produced  are  entirely  satisfactory 
and  possess  a  porosity  from  75  to  85^  depending  mainly  on  the  weight  and 
volume  of  the  grih.  The  variation,  however,  poseq  a  problem  for  a 
manufacturing  process,  v;hen  the  various  factors  are  extrapolated  to  the 
usual  expected  practice  in  American  methods  of  mechanisation. 
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Table  Ho.  1 

Light  Carbonyl  Nickel  Powders 
Description  &  Apparent  Densities 


P  ov/der 

Description 

Amount 

Apparent  Density 

Ratio 

No.. 

Beceived 

g/cc 

lbs. 

Scott 

In 

Volumeter 

Forms 

P~lo 

I .G.Parben  A.G.  (Port  Monmouth) 

small 

0.85 

nd 

P-12 

0 

0 

NIC—  APA  type 

small 

0.59 

0.82(1) 

1.39 

P-13 

!t 

KIG-2 

u 

nd 

0.87(1) 

P-15 

It 

KI,G-3 

3/4 

0.62 

0.88(1) 

1.42 

P-17 

Jt 

e;ig-2 

small 

0.63 

0.85(2) 

1.35 

P-19 

H 

KIG-  APA  type 

3  * 

0.66 

0.89(2) 

1.35 

P-21 

rr 

B-1 

5  * 

(0.53 

(0.71 

1.34 

it 

tr 

B-2 

5  * 

( 

( 

P-21-1 

ir 

B-3 

5  * 

0.67 

0.80 

1.20 

P-21-2 

It 

B-4 

5  * 

0.50 

nd 

II 

It 

B-7 

0.48 

nd 

n 

It 

B-8 

5  * 

0.48 

nd 

it 

It 

B-9 

5  * 

0.46 

nd 

P-21-3 

It 

B-10 

5 

0.64 

0.89 

1.39 

P-r22 

I .G.Parben  A.G.  (Carl  Berg)  1932 

small 

0.92 

nd 

P-23-1 

Inco  B-85,  representative  of  1000 

lbs. 

0.79 

nd 

P-23-2 

tr 

”  Cut  Sample 

250# 

0.78 

1.06 

1.36 

tr 

It 

»  GraT3  " 

tt 

0.88 

nd 

P-23-5 

It 

tt  ft  IT 

!t 

0.88 

tt 

P-23-6 

It 

n  ti  ti 

It 

0.73 

11 

P-23-7 

n 

It  ft  tt 

It 

0.70 

tr 

Notes 

*  All 

these  samples  screened  through  200  mesh 

(dry) 

(1)  Table  No.  1„  p.  10  Eef  7(b) 

(2)  ' 

»  "  "  p.  6  i'  7(c) 

(3)  Values  of  apparent  density  ’by  Scott  Volumeter  for  P-19  and 

P~21-2  {B-7)  were  checked  to  v;ithin  Q.Ol  unit  by  two  independent 
laboratories. 


Discussion:  Sintevln^  (Contd>) 

In  the  present  studies,  the  procedure  of  making  a  compact,  as  pre- 
viously  described  in  the  Progress  Reports.,  consists  in  filling  a  graphite 
form  with  powder  and  a  gridv  The  form  consists  of  two  or  three  graphite 
parts,  hut  in  either  case  the  thickness  of  the  form  is  fixed*  It  has 
also  been  shovm  that  the  use  of  a  grid  restricts  the  principal  shrinkage 
on  sintering  of  the  compact  to  the  dimension  of  the  thickness*  The  pro-- 
duction  of  plaques  from  these  various  nickel  powders  has  shown  a  varia¬ 
tion  in  the  shrinkage  in  thickness*  This  is  clearly  illustrated  by  the 
data  of  Table  Ho.  2;  the  first  five  plates  represent  samples  taken  from 
the  1000  lb.  batch  of  powder  v/hile  the  other  figures  are  representative 
averages  based  on  the  data  presented  in  Tables  I-XIII.  The  values  for 
the  shrinkage  have  been  expressed  in  terms  cf  the  ratio,  form  thickness 
to  plate  thick}.iess,  which  is  the  desirable  figure  for  design  purposes. 

A  variation  in  the  shrinkage  creates  the  problem  of  correcting  for 
this  property  in  the  handling  of  various  lots  of  powder  unless  the 
eventual  powder  manufacturing  process  can  be  controlled  within  the  desired 
limits.  At  the  moment,  the  safe  approach  v/ill  be  to  assme  that  limits 
of  variation  v/ill  be  of  the  order  of  magnitude  indicated  in  the  table, 
and  to  consider  the  possibilities  by  v/hich  the  process  can  be  brought 
within  the  tolerances  reouired  for  plates,  v/ith  due  consideration  to  their 
final  assembly  into  batteries.  There  are  a  number  of  simple  methods, 
such  as  shaping  the  plaque  before  or  after  impregnation,  adjustment  of  the 
spacer  piece  of  the  mold  for  various  powder  characteristics,  and  blending 
of  relatively  large  batches  on  a  laboratory-controlled  schedule.  Each 
approach  has  its  merits  and  any  final  decision,  would  be  determined  to  a 
large  extent  by  considerations  of  cost. 

It  is  apparent  from  the  overall  picture  that  the  shrinkage  in  thick¬ 
ness  of  the  carbonyl  nickel  pov/der  has  been  gradually  diminishing  for  like 
preparations  and  conditions,  and  has  been  approaching  the  value  of  1.20 
calculated,  from  the  data  on  Oerman  practice  (Ref  7(d)).  The  Germans  had 
apparently  succeeded  in  preparing  powders  of  even  lower  shrinkage,  judging 
by  the  behaviour  of  sample  P-22  (Table  No.  2,  VII )  v;hich  represents  a 
powder  given  to  Mr.  C.  Berg  in  1932  by  officials  of  the  I.  G.  Parbenind  A.G. 
The  important  problem  now  reduces  to  an  evalua^tion  of  the  property  which 
controls  the  shrinkage.  The  theory  of  powder  metallurgy  directs  primary 
attention  to  particle  size,  distribution  of  particle  size,  ultimate 
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lalDle  No.  2 

Slirinkage  in  Thickness  of  Various  Powders 


Powder  No. 

Apx^arent  Dens 

ity 

Shrinkage 

&/2C 

Ratio, 

Scott 

In 

Ratio 

Porm  Thickness: 

V  olnmeter 

Porm 

Plaoue  Thickness 

P23-1 

0.79 

1.14 

1.44 

1.34 

P23-2 

0.88 

1.12 

1.28 

1.23 

P23-^ 

0,88 

1.12 

1.28 

1,29 

P23'*6 

0,73 

0.99 

1.36 

1.29 

P23-7 ' 

0.70 

0.94 

1.34 

1.30 

P21 

0.53 

0.71 

1.34 

L.48 

P21-l^ 

0.67 

0.80 

1.20 

1.42 

P21-2 

0.50 

1.43 

P22 

0.92 

1.05 
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]3iscussioiig  a.  Si:\b0rir),g:  (Oontd^) 

particle  ehape^  and  aggi'’ega,te  chape »  Available  information  indicates  that 
the  particle  range  meas'ared  by  the  accepted  methods  (sedimentation^ 

electron  luicro-.-^coir/.  etc.)  will  he  in  the  suhsieve  sizes.  That  the  hulk 
of  the  light  carbonyl  nickel,  povrders  lies  in  this  range  is  confirmed  hy 
the  screen  analyses  of  Table  'Nor  3*  In.  addition,  several  tests  have  shown 
from  2.0  to  2.3-^  hy  weig?at  of  the  total  to  he  minus  200  plus  325  mesh,  so 
that  from  92  to  95>^  of  the  pov^der  can  he  considered  as  being  minus  325 
mesh,  in  sizer, 

It  would  appear  to  he  self-evident  that  the  range  of  properties  to 
he  determined  ha.s  passed  to  the  realm  of  instnmaental  analysis,  requiring 
research  with  devices  beyond  the  range  of  the  usual  developmental  depart¬ 
ment  Sv  Ar>  iritense  exrpl oration  is  highly  dosix'ahle  so  that  the  fundamental 
facts  are  clearly  defined  and  thinking  is  properly  oriented.  Several 
observations  on  the  nualitative  behaviour  of  carbonyl  nickel  po\;der  would 
indicate  that  the  extension  of  research  v;ill  involve  some  fundamental 
studies,  concerning  v/hich  our  present  day  science  has  not  yet  clearly  de¬ 
fined  the  active  forces  and  their  mode  of  action. 

When  nickel,  pov;der  is  moved  3ind  levelled  gently  in  a  form,  it  is 
clear  from  the  figures  in  Table  N).  1,  that  there  is  an  increase  in  the 
packing  which  appears  to  be  about  35/<’  greater  than  that  attained  in  a 
free  fall.  It  is  extremely  difficult  to  visualize  this  effect  simply  on 
the  basis  of  a  difference  in  the  arrangement  of  particles  except  for  the 
postulation  of  a  tendency  for  the  particles  to  bridge  and  arch  on  impact 
from  a  free  fall  and  the  ready  breaking-up  of  such  bridges  by  even  gentle 
levelling.  If  this  is  the  case,  the  experimental  *procedxu*e  should  be  con¬ 
centrated  on  the  mechanics  of  packing  and  working  powder  into  a  compact. 

It  has  also  been,  observed  that  green  compacts  tend  to  form  cracks 
when  the  form  is  jarred  in  any  manner.  An  irregular  line  of  division 
forms;  this  line  may  be  microscopic  in  its  breadth  and  barely  visible 
along  its  length  to  the  eye.  There  appears  to  be  no  satisfactory  mechanic 
cal  means  for  repairing  such  an  incipient  crack  which  increases  in  width 
on  sintering  and  v/hen  such  a  cra^ck  has  been  suspected  by  the  operator,  it 
has  been  found  necessary  to  empty  and  re-paick  the  form  with  powder  to 
eliminate  the  crack. 


4'.  Dlscusslont  a.  Sintering  (Contd«) 


la^le  No.  3 

Screen  Analyses  of  Light  Carhonyl  lickel  Powder 


Powder 

Description 

Ho, 

Plus 

80  mesh 
Ind 

1° 

P21 

0.2 

P21-2 

B4 

0.13 

II 

B7 

0.11 

ir 

B8 

0.15 

It 

B9 

0.14 

P2X-3 

BIO 

0.15 

P23-2 

Cut  San^le 

0.30 

Screen  Analysis 


Minus 

80 

Minus 

Plus 

200 

200 

Ind 

Cum 

Ind 

Cum 

io 

1° 

io 

0.4 

0.6 

99.4 

100.0 

0.9 

1.0 

99.0 

100.0 

1.4 

1.5 

98.5 

100.0 

1.1 

1.2 

98.8 

100.0 

1.6 

1.7 

98.3 

100.0 

1.4 

1.5 

98.5 

100.0 

1.1 

1.4 

98.6 

100.0 
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On  the  other  hand,  these  effects  may  also  he  inherent  to  the  par¬ 
ticular  comhination  of  aggregate  sizes  and  shapes,  which  are  actually 
produced  in  transferring  the  pov/der  to  the  form.  In  the  case  of  the 
present  method  of  handling  the  powder,  gas  (residual  carhon  monoxide, 
air)  may  he  consldei^ed  as  the  dispersing  medium.  The  effect  of  adsorbed 
films  in  the  case  of  carhonyl  nickel  powder  has  been  demonstrated  in  the 
range  of  temperature  from  200°  to  300^0  (Ref.  e)  hut  not  at  ordinary 
temperatures,  and  no  work  is  aVailahle  to  e^tplain  its  role  at  ordinary 
temperatures  in  processes  such  as  conpact  absemhly  hy  methods  similar  to 
the  one  in  use.  When  carhonyl  nickel  powdet  is  suspended  in  water,  it 
acts  as  a  powder  vrith  a  particle  size  much  greater- than  has  been  estab¬ 
lished  by  election  photomicrographs,  and  to  date  no  wetting  agent  has 
beerx  found,  which  di.sperses  the  aggregates  and  thus  reduces  the  tendency 
of  !.he  rioksl  particles  bo  form  aggregates.  Thus,  the  matter  of  the 
actual  part:lo>le  size  condition,  of  carbonyl  nickel  pov/der  becomes  a  matter 
related  to  its  enviro-ment  and  previous  history. 

This  approach  to  the  problem  has  indicated  to  us  that  the  normal 
goal  of  research,  instigating  the  establishment  of  basic  knov/ledge  and  of 
a  ouantitative  point  of  view  must  be  supplemented  by  empirical  experi¬ 
mentation.  The  arena  of  factual  data  must  be  supplemented  by  fvirther  re¬ 
lated  observations,  such  as  of  the  effect  of  the  addition  to  carbonyl 
nickel  pov/der  of  substances  of  diverse  particulate  forms  and  sizes,  and 
of  varying  sui'face-^active  behaviovxr.  Orienting  experiments  of  this  nature 
^ve  underv/ay  v/ith  interesting  prospects,  especially  v/ith  regard  to  main¬ 
taining  a  constant  shrinkage  and  decreasing  the  weight  of  the  plaque  in 
terms  of  the  ultimate  ampere-hour  capacity  per  unit  volume  v/hile  maintain¬ 
ing  a  constan.t  high  porosity.  It  is  believed  that  the  indicated  direction 
of  the  work  should  not  be  determined  as  conclusive  and  worthy  of  presenta¬ 
tion  \intil  the  plaques  have  been  impregnated  v/ith  active  mass  and  tested 
for  c^ipacity  and  life* 

(2)  Routine  Production  of  Plagues 

Por  the  study  of  the  inpregnation  and  electrolysis  processes,  the 
assembly  of  batteries,  and  the  testing  of  cells,  it  is  desirable  to  have 
plaques  of  reasonably  constant  properties,  including  porosity.  A  large 
number  of  plaques  were  made  during  the  period  covered  by  this  report, 
including  the  10*5  sq.  in.  plaques  made  in  the  tv/o  piece  form  with  a  3*6 
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“by  3.0  inch  cavity,  I/8  or  l/4  inch  deep,  as  described  in  the  previous 
reports-  The  data  for  these  placiues  are  summarized  in  Tables  I,  II,  and 
VI. 


Our  previous  studies  have  indicated  that  there  v;as  a  possibility 
of  increasing  the  size  of  the  plate  over  the  earlier  projected  size 
without  .uxidue  detrimental  effects  upon  the  life  and  general  behaviour  on 
charging  and  discharging  batteries  assembled  from  the  bigger  plates.  The 
earlier  size  v/as  based  on  the  empirical  design  features  incorporated  into 
the  design  of  Nicad  and  Alcad  cells  representing  design  evaluated  on 
the  basis  of  years  of  experience. 

To  check  the  effect  of  plate  height  and  freeboard  in,  the  battery, 
especie.lly  at  high  charging  rates,  three  plate  heights  were  selected 
for  study*.  A  new  three-piece  graphite  form  was  designed  incorporating 
top  and  bottom  pieces  and  a  center  spacer  thereby  permitting  the  future 
substitution  of  spacersr  in  various  thicknesses  for  the  same  top  and 
bottom  pieces  for  various  plate  thicknesses.  The  faces  of  the  top  and 
bottom  pieces  which  were  in  contact  with  the  powder  and  formed  the  top 
and  bottom  sides  of  the  form  cavity  v;ere  provided  with  projections  for 
the  purpose  of  forming  grooves  in  the  plaque.  These  grooves,  in  the 
vertical  direction  of  the  plaque,  v/ere  incorporated  to  hold  the  rod--like 
separators  in  place  in  the  assembly  of  a  battery. 

With  this  assembly,  the  bottom  piece  and  the  spacer  plate,,  lacked 
into  place  by  the  close  fit  of  the  projecting  rectangular  boss  on  the 
bottom  piece,  formed  the  cavity  into  which  powder  and  grid  were  placed 
in  the  usToal  manner.  The  cavitj^-  is  deeper  than  required  and  filling  is 
accomplished  to  the  desired  level  by  means  of  calibrated  scrapers.  The^ 
top  piece  is  placed  into  position,  bringing  about  a  slight  compression 
of  the  powder  at  the  positions  of  the  vertical  projections  (forming  the 
grooves  on  sintering).  To  eliminate  inequalities  due  to  this  procedure 
and  especially  to  eliminate  incipient  cracking  which  was  noted  on  sinter¬ 
ing,  the  process  of  turning  each  form  over  after  assembly  of  the  conpact 
was  adopted.'  This  practice  has  been  found  to  provide  grooves  of  the 
desirable  sharpness  on  both  sides  and  to  eliminate  to  a  high  degree,  the 
tendency  for  the  formation  of  cracks  in  the  plaques  on  sintering.  In 
conjunction  with  this  step  it  v;as  found  desirable  to  level  off  the  powder 
on  the  top  surface  at  the  theoretical  depth  of  powder  provided  in  the 
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design  of  the  form.  Vith  thinner  sections,  the  groove  outlines  tended  to 
.  he  less  sharp,  and  to  broaden  out.  With  thicker  sections,  there  was  an 

“  increased  localised  compression  which  it  is  believed  to  lead  to  cracking 

'  of  plates  and  to  create  •uneq.nal  stress  distribution  VJhich  could  be  a 

i  factor  in  plate  behaviour  in  the  subsequent  treatment  and  in  use. 

The  plaque  sizes  have  been  designated  by  the  sizes  PM-l,  and 

IM-3  in  the  order  of  increasing  area,  namely  10.7,  12.5,  and  14  sq.  in. 

The  data  are  assembled  in ’Tables  VII,  VIII,  IX,  and  XII. 

In  connection  with  making  these  plates,  it  was  found  in  the  first 
experiments  that  the  plaque  thicknesses,  based  on  the  previously  estab¬ 
lished  shrinlcage  in  thickness  for  the  various  powders  and  the  two-piece 
3.6  X  3*0  inch  form,  v/ere  greater  than  the  desired  ll/64  inch  (4.37mm). 

The  first  reaction  to  this  condition  \?as  embodied  in  the  fact  that  the 
new  three-piece  forms  v;ere  heavier  than  the  tv;o-piece  forms  formerly  in 
use,  thereby  bringing  about  a  lower  final  temperature  in  the  same  time 
period  than  with  the  tv;o~piece  forms.  The  v/eights  of  the  two-piece  and 
three-piece  forms  v/ere  1155  and  1819  grams,  respectively.  Raising  the 
initial  temperature  of  the  furnace  ii^roved  the  end  result  but  the  heat 
capacity  of  the  fiornace  is  insufficient  to  overcome  the  increase  in  weight 
of  the  form,  and  the  rate  of  recovery  of  the  furngice  temperature  is  ap¬ 
proximately  fixed  at  a  rate  which  is  constant  in  the  high  temperature 
range  of  the  furnace.  Due  to  a  delay  in  obtaining  a  sipply  of  one  inch 
graphite  plates  of  suitable  quality,  it  v/as  deemed  eapedient  to  increase 
the  time  of  sintering  in  the  furnace. 

In  making  the  H-1-3  plates,  of  which  the  greatest  number  were  made, 
it  \;as  found  that  after  about  thirty  uses,  the  spacer  showed  signs  of 
wear  around  the  upper  portion  due  to  the  repeated  rubbing  with  the  brass 
scrapers.  To  overcome  this,  a  steel  plate  vas  made  to  fit  over  the 
graphite  spacer  and  this  tendency  for  rapid  wear  has  been  overcome.  At 
the  same  time,  the  operators  became  aware  of  the  need  to  avoid  vigorous 
brushing  of  the  graphite  forms  in  cleaning  the  form.  The  wearing  of  the 
spacer  was  acconpanied  by  the  formation  of  cracks  at  the  edges  of  the 
plates. 
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(3)  Effect  of  time  on  sintering. 

The  experience  in  making  the  M  size  of  plaqnes,  described  above, 
led  to  an  investigation  of  the  effect  of  time  v;ithin  a  narrow  range. 

Table  T,  parts  1  to  4,  summarizes  the  data  for  the  S  series,  10. 5  sq*  in* 
plaques,  in  duplicate  at  sintering  times  at  one  minute  intervals .from 
3  to  15  minutes.  Table  No.  XI  summarizes  the  data  for  the  PM--3  series, 

14  sq.  in.  plaques  at  sintering  times  from  5  to  15  minutes  at  one  minute 
intervals. 

The  shrinkage  curves,  plotting  percent  shrinkage  as  a  function  of 
time  are  represented  by  two  approximately  parallel  curves  with  straight 
sections  in  the  middle  portions.  Extrapolation  to  zero  sintering  time 
indicates  that  about  one  to  tv/o  minutes  are  required  for  sintering  the 
S  plaques  wKCAe  at  least  three  minutes  are  necessary  for  the  PM-3  pla,ques. 
The  values  for  the  shrinkage  of  the  S  plaques  at  the  longer  intervals  are 
extremely  scattered,  indicative  of  a  secondary  effect  for  times  longer 
than  ten  minutes. 

The  translation  of  the  data  for  one  size  of  plate  to  another  will 
renuire  further  physical  charaeteriza-t-ien.  The  German  practice  included 
a  hardness  determination  on  a  special  machine.  Checks  with  the  standard 
Eockwell  testing  apparatus  indicated  that  plaques  sintered  for  different 
times  could  be  distinguished  b\it  that  the  dents  were  made  by  the  adjust¬ 
ing  mechanism  operating  on  only  6  Kg  spring  pressure.  Other  available 
machines  for  hardness  testing  such  as  the  Baby  Brinell  are  being  in¬ 
vestigated.  An  attempt  to  use  the  A.S.T.M.  penetrometer  also  failed, 
probably  due  to  use  of  a  needle  as  the  penetrating  medium. 

In  applying  other  physical  tests  v;hich  would  be  suitable  for  control 
purposes ,  consideration  must  be  given  to  the  probable  role  of  the  grid  in 
determining  characteristic  values.  This  vrOuld  be  true  in  determinations 
of  tensile  strength,  etc.,  as  well  a.s  possibly  in  the  determination  of 
magnetic  properties  or  electrical  resistance.  The  latter  has  been  favored 
in  our  considerations  v/ith  a  vie;;  to  the  development  and  evaluation  of  a 
non-destructive  test  vdiich  would  indicate  conformation  to  a  standardised 
product.  Such  a  goal  is  highly  desirable  in  view  of  the  general  reports 
on  the  reputed  difficultiet  encountered  in  German  practice  v/ith  sintered 
plates.  (Reference  7d,  7f.  7g,  7ii)*  The  detailed  description  of  their 
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sintering  technique  never  fails  to  awe  one  in  the  possibilities  in  the 
evident  lack  of  reproducibility  just  in  the  sintering  operation.  It  is 
believed  that  the  method  of  piling  stacks  of  compacts  with  variations  in 
the  use  of  magnesia  or  graphite  plates  could  hardly  lead  to  reproducible 
and  even  sintering.  This  point  is  well  illustrated  by  the  difference  in 
behaviour  shown  by  compacts  of  approximately  the  same  size,  as  shown  by 
the  coji5>arison  of  the  tables  cited  in  this  section  as  well  as  in  a  com¬ 
parison  of  the  IM-1  and  S  plates. 

It  has  appeared  to  date  from  available  information  that  the  correct 
degree  of  sintering  is  important  and  that  positive  plates  made  from 
plaques  v/hich  are  too  "soft"  tend  to  crumble  on  use  whereas  those  plates 
which  are  too  “hard"  tend  to  blister  (Ref.  7(<i)»  7(f)»  7(g)»  7(h). 
Occasional  plates  have  been  found  to  shov;  blistering  on  test  and  in  the 
few  cases  in  which  this  has  been  noted,  it  v;as  found  within  the  formation 
cycle  or  immediately  thereafter.  Two  or  three  plates,  whose  behaviour 
indicated  crumbling,  were  sintered  under  the  same  conditions  as  many 
others  which  showed  no  adverse  characteristics  and  it  is  believed  that 
the  other  conditions  having  to  do  v/ith  impregnating  and  formation  pro¬ 
cedure  were  the  responsible  factors. 

The  lack  of  definition  in  assessing  the  qualities  of  a  satisfactory 
plaque  for  a  given  procedure  of  introducing  active  mass  makes  it  impera¬ 
tive  to  evaluate  the  sintering  process  in  the  effect  of  time.  Plaques 
sintered  under  this  closely  similar  condition  are  being  saved  for 
qualifying  tests  ;and  multiplicates  are  being  iii5)regnated  and  subjected 
to  capacity  tests  to  determine  behaviour  under  standard  battery  condi¬ 
tions. 

(h)  Perforated  Plate  Q-rids. 

It  was  previously  reported  (Ref.  7  i)  that  grids  of  electroformed 
sheet  nickel,  perforated  or  solid,  were  unsatisfactory,  in  contrast  to 
the  behaviour  of  perforated  rolled  sheet,  0.021  inch  in  thickness.  A 
series  of  grids  with  attached  lugs  having  3/8  inch  perforations  were 
cut  out  of  rolled  sheet,  "A"  nickel,  of  0.005,  0.010,  and  0.015  inch 
thickness,  and  of  International  Rickel  Co.  electroformed  sheet,  0.005 
inch  in  thickness.  The  results  of  tests  using  these  grids  are  summarized 
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in  Te-ble  Ko.  III.  All  of  the  plaques  made  v;ere  satisfactory,  and  ap¬ 
peared  to  be  as  good  as  could  be  made  by  sintering. 

\ 

It  was,  therefore,  decided  to  recheck  the  previous  electroformed 
grids,  having  the  one-half  inch  perforations.  The  size  of  the  grid  v;as 
cut  dovm  to  allow  a  clearance  of  3/3^  to  l/8  inch  around  all  sides  in 
relation  to  the  v/alls  of  the  form.  These  plaques  sintered  as  satisfac¬ 
torily  as  those  above.  The  reason  for  the  change  from  unsatisfactory  to 
good  plaques  in  this  case  appears  to  be  due  to  the  increased  allov/ance 
for  lateral  expansion  of  the  grid  during  the  sintering  process.  The 
previously  estimated  expansion  of  the  grid,  based  on  the  knovm  character¬ 
istics  of  massive  nickel  mets,l,  is  clearly  an  insvifficient  allov/ance 
for  grid  design.  It  is  probable  that  restrictions  are  inposed  by  the 
changes  occurring  in  the  nickel  pov/der  while  expansion  of  the  grid  takes 
place  during  the  sintering  process .  Where  the  end  allov/ance  is  insuf¬ 
ficient,  it  appears  tiiat  the  stresses  are  too  great  for  thin  grids  and 
secondary  effects  are  produced  resulting  in  distortion  and  unsatisfactory 
plates. 


The  attention  to  this  characteristic  of  plaque-making  v/as  suspected 
during  work  v/ith  the  v/ire  cloth  grids.  Success  in  allowing  anple  space 
betv/een  the  grid  and  the  retaining  v/alls  of  the  form  led  to  the  inclusion 
of  this  feature  in  cutting  the  rolled  and  electroformed  nickel  sheet 
grids.  The  soundness  of  this  line  of  thought  is  amply  illustrated  by 
the  plaques  produced  in  this  series  of  tests. 

The  German  Durac  plates  v/ere  provided  v/ith  a  grid  having  a  frame 
retaining  a  12  mesh  screen  of  extremely  fine  wire.  It  would  not  be  dif¬ 
ficult  to  imagine  that  the  frame  of  the  grid  v/as  responsible  for  the 
creation  of  irregularly  distributed  stresses  in  the  plaque  which  could 
be  responsible  for  difficulties  in  cell  behaviour.  Electrochemical 
phenomena  are  commonly  associated  v/ith  stress  phenomena  in  metals  even 
under  ordinary  conditions  where  the  metal  surface  is  relatively  small  and 
v/ould  be  accentuated  to  a  high  degree  v/ith  the  large  area  of  the  order 
of  0.25  sq*  meters  per  gram  exhibited  by  sintered  carbonyl  nickel  powder. 
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(5)  Sintered  Sheet  as  Grid. 

One  of  the  most  surprising  features  of  the  vjork  vdth  carhonyl  nickel 
powder  is  the  complete  absence  of  any  tendency  to  sinter  to  nickel  metal 
in  the  form  of  massive  nickel  metal,  electroplated  nickel  metal,  roughen¬ 
ed  or  etched  nickel  surfaces,  or  freshly-reduced  nickel  oxide  coatings 
on  metal  (even  when  reduced  under  "nascent"  conditions).  This  factor  was 
recognized  in  the  German  researches  (Hef  7  j).  It  appears  that  an  ad¬ 
hesion  of  the  powder  to  the  grid  would  improve  the  streixgth  chacteris- 
tics,  though  at  this  stage  of  development  and  testing  it  is  not  to  he 
deduced  with  any  degree  of  persuasion  that  such  an  adhesion  would  present 
marked  advantages. 

It  occurred  to  us  that  if  the  carhonyl  nickel  powder  could  he  made 
to  adhere  to  any  object  it  should  he  possible  to  make  it  adhere  to  its 
closest  relation,  namely  a  sheet  grid  made  from  carhonyl  nickel  pov/der. 
Such  orienting  tests  \;ith  solid  and  perforated  sheet,  .00?  to  0.020  inch 
thick,  made  from  carhonyl  nickel  are  summarized  in  Table  Ho.  IV.  In  no 
case  vjas  the  tendency  for  saucering  characteristic  of  plaques  made 
without  grids  entirely  absent  and  in  no  case  was  there  any  appreciable 
adhesion  betvjeen  the  pre-sintered  grid  and  the  nickel  pov/der.  The  sin¬ 
tered  powder  was  readily  separated  from  the  grid.  For  the  time  being, 
this  project  v/ill  not  be  pursued  any  further. 

/  z'  \  * 

(o;  Cracks  in  Sintered  Plaques . 

From  time  to  time  it  has  been  noted  that  cracks  have  appeared  in  the 
plaques  in  an  irregular  manner,  with  the  possible  exception  of  the  condi¬ 
tion  that  v;ith  the  S  series,  10.5  sq.  in.  plaques,  the  cracks  inevitably 
appeared  in  the  rpper  face.  These  cracks  do  not  appear  to  interfere  with 
the  subsequent  treatment  of  the  plaques  for  the  purpose  of  introducing 
the  active  masses,  nor  in  the  performance  of  these  plates  in  cells  in 
those  cases  v/here  plaques  cracked  in  the  impregnation  process  have  been 
carried  through  to  the  testing  stage.  The  principal  objection  to  the 
cracks,  referring  mainly  to  plaques  about  4  mm  in  thickness  for  the 
thinner  2  mm  plaques  seldom  shov/  cracks,  would  seem  to  be  in  appearance, 
a  factor  v/hich  v/ould  only  show  up  in  dismantling  a  hattery  for  inspection 
or  overhauling. 
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In  the  course  of  our  experience,  a  number  of  incidents  have  plainly 
shovm  that  cracks  can  he  caused  or  produced  hy  a  number  of  unintended 
operations.  Those  having  to  do  with  a  shaking  or  jarring  of  the  con5)act 
may  be  caused  in  handling  or  transferring  the  form  from  the  work  bench 
to  the  furnace,  permitting  a  conpact  to  stand  in  its  form  for  an  extended 
period  probably  permitting  the  formation  of  incipient  cracks  by  trans¬ 
mitted  vibrations,  and  bvin^ing  the  form  v;hen  moving  it  into  the  furnace, 
such  as  on  the  roughened  casting  identification  mark  found  on  the  hearth 
of  the  ftxrnace  ledplate.  Factors  v/hich  have  been  noted  to  have  bearing 
on  crack  formation  as-a  result  of  operations  during  the  assembly  of  the 
compact  have  to  do  with  the  use  of  improperly  flattened  grids,  movement 
of  the  grid  after  placement  especially  v/ith  the  levelling  and  spreading 
scrapers,  and  unequal  distribution  of  pressxire  on  applying  the  tan^jing 
tool. 


It  has  been  noted  that  wear  of  the  graphite  form  tends  to  induce 
cracks  and  this  has  been  demonstrated  conclusively  by  alternating  a 
worn  form  with  a  nev/  form  and  obtaining  an  alternating  pattern  of  a 
perfect  plaque  and  a  plaque  \fith  a  characteristic  crack. 

In  the  first  tests  on  the  sintering  process,  when  compacts  were 
sintered  for  up  to  one  hour,  it  had  been  noted  that  there  v/ere  a  larger 
percentage  of  plaques  v/ith  cracks  after  extended  (compared  to  the  10 
minute  interval)  sintering  periods.  These  have  no  immediate  interest 
except  that  it  may  indicate  that  recrystallization  processes  may  intensify 
the  enlargement  of  incipient  cracks  v/hich  may  only  be  detected  in  plaques 
made  in  shorter  periods,  by  microscopic  examinations. 
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b .  Imnregnation 

(l)  General  B.einarks .  An  extensive  voliime  of  information  has  been 
amassed  on  the  subject  of  irapregna.ting  porous  plaques  with  the  desired 
active  masses  of  nickel  and  cadmium  compounds.  This  information  is  sum¬ 
marised  in  Ta.bies  XIV  to  XXSIV  and  is  discussed  in  the  following  pages. 

The  interpretation  of  this  data  is  as  yet  incomplete  and  the  analysis’ ' 
from  various  points  of  view  is  being  continued  with  the  idea  of  confirm¬ 
ing  the  inferences  suggested  on  inspection,  of  establishing  '.new.  relation¬ 
ships,  of  yielding  basic  data -f-or- the  ^engineering  factors  of  design  for 
plant  scale  production,  and  of  orienting  research  to  the  ultimate 
objectives  of  optimxxm  battery  characteristics  and  costs.  It  has  been 
necessary  to  fill  in  and  extend  gaps,  as  well  c.s  to  check  and  confirm 
experimental  results,  without  av;aiting  a  final  analysis,  not  only  to 
achieve  progress  and  fuller  understanding  of  the  underlying  processes, 
but  to  permit  a  truer  evaluation  of  the  overall  picture  within  the  allot¬ 
ment  of  time  and  money  for  this  developmental  project. 

The  introduction  of  active  masses  into  porous  plaques  made  of 
carbonyl  nickel  pov/der  has  been  studied  from  one  aspect  on  the  basis  of 
reproducing  the  German  technique,  as  described  particularly  by  military 
representatives  (Eef.  7(k)).  The  multiple  cycles  of  inpiregnation, 
cathodic  polarisation,  washing  and  drying  have  resixlted  in  positive  and 
negative  plates  of  somewhat  higher  capacities  than  reported  for  the  Purac 
plates,  namely  O.I33  A.H,  per  sq.  in.  per  mm  (P.ef.  7(l))«  Only  one  plate 
has  been  studied  with  a  view  to  determining  maximum  possible  capacity, 
v/hich  appears  to  be  higher  than  supposed.  In  this  phase  of  the  investiga¬ 
tion,  it  is  a  problem  of  balancing  the  specifications  desired  for  dif¬ 
ferent  battery  services  against  cost  and  the  time  reo.uirad  to  evaluate 
stability  in  service. 

Sufficient  data  has  been  collected,  and  a  sufficient  number  of  plates 
have  been  made  and  tested  to  warrant  the  statement  that  alkaline  batteries 
v;ith  sintered  positive  and  negative  plates  could  be  produced  in  quantity 
in  a  suitably  designed  plant.  This  statement  v/ould  be  incomplete  if  the 
opinion,  based  on  our  experimental  results,  were  not  expressed  that  the 
process  of  Inpregnation  can  be  inproved  and  sinplified,  especially  v/ith 
tb©  ultimate  prospect  of  decreasing  the  e;^ected  manufactxrring  cost.  This 


4.  Discussion:  “b.  Impregnation  (Contd.) 


viev;  has  led  to  further  examinations  of  the  fundamental  chemical  processes 
involved  in  the  inpregnation  procedure. 

In  deviating  from  the  established  technique  of  vacuum  impregnations 
with  multiple  cycles  to  other  impregnation  techniques,  such  as  at  atmos- 
pheric  pressure,  there  is  encountered  a  sphere  of  undefined  standards  of 
conparison,  The  vacuum  technique  had  been  adopted  in  German  practice  to 
take  advantage  of  the  usual  high  efficiency  of  vacuum  in^j regnat ion  tech¬ 
niques  in  general  (Eef.  7  (k))*  Offhand,  there  is  no  apparent  reason 
why  the  life  of  a  plate  impregnated  at  atmospheric  pressure  should  differ 
from  that  of  one  prepared  by  a  vacuum  treatment,  yet  experience  with  all 
types  of  alkaline  batteries  indicates  a  background  of  evidence  of  marked 
variations  in  properties  due  to  particular  processes  and  there  is  hence  a 
very  strong  reluctance  to  use  new  procedures  without  prior  and  thorough 
testing.  In  this  case  it  is  clear  that  only  life  cycles  of  testing  of 
plates  in  the  form  of  assembled  batteries  can  fxirnish  the  ultimate  answer. 
V/ith  such  a  time  factor  to  consider,  it  is  evident  that  this  research 
program  must  of  necessity  represent  a  conpromise  in  its  extension  and  its 
intensive  development. 

(2)  Impregnation  of  negative  Plates  at  Atmospheric  Press\xre. 

The  imprsgna.tion  of  plaques  v/ith  cadmium  nitrat,®  solution  and  their  sub¬ 
sequent  electrolytic  polarization  to  precipitate  in  their  pores  the 
water-insoluble  cadmium  hydroxide  may  properly  be  discussed  here  and 
apart  from  the  corresponding  procedure  used  for  the  positive  plate  im¬ 
pregnation.  In  the  treatment  of  porous  nickel  plaques  with  cadmium 
nitrate,  nickel  tends  to  dissolve  in  the  cadmium  nitrate  solution  as 
evident  for  instance  by  the  color  change  of  the  solution  during  the  im¬ 
pregnation  of  the  plaque.  It  has  also  been  found  that  a  solvent  consist¬ 
ing  of  ammonium  hydroxide  and  ammonium  chloride  in  v/ater  dissolves  active 
mass  out  of  the  impregnated  plates .  The  nega.tive  active  mass  yields 
soluble  nickel  whereas  treatment  of  sintered  nickel  plaques  (v/ithout 
active  ma,ss)  does  not  show  soluble  nickel  (except  under  particular  condi¬ 
tions  of  concentration  and  tenperature) ,  The  precipitated  active  mass 
will,  therefore,  consist  of  cadmium  hydroxide  with  smaller  and  varying 
amounts  of  nickel  hydroxide.  This  condition  introduces  a  secondary 
variable,  namely  specifip  ion  sffeqts,  v/hfch  may  change  the  reaction 
mechanism  for  the  Wo  types  of  plates  ♦ 
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in  the  present  study,  the  principal  variables  introduced,  have  been 
plaque  thickness,  time,  temperature  and  the  cycles  of  treatment.  Previous 
studies  (Eef  7u)  indicated  a  marked  gain  in  v;eight  with  increased  time 
of  impregnation  at  room  temperature.  Ihese  results  have  been  extended 
for  2  and  4  mmy  thick  plates  in  experiments  summarised  in  Tables  XIV,  XV, 
and  XVI.  The  gains  in  wei^t  of  the  plates  may  be  roughly  divided  into 
two  groups,  namely  for  impregnation  periods  up  to  one  hour  and  for  periods 
longer  than  one  hour.  Within  each  group  there  are  however  irregular 
increases  and  decreases  in  the  gains. 

This  -featura_uf  irregularity,  v/hich  is  also  characteristic  of  the 
nositive  plates  impregnated,  with  njckel  nitrate  solution,  seems  to  be  ex- 
plained  by  a  phenomenon  observed  in  a  special  study.  Plaques  were  per¬ 
mitted  to  absorb  solution  by  capillary  action,  in  such  a  manner  that  each 
plaque  was  above  the  solution  and  the  action  could  be  observed.  There 
appeared  to  be  a  recurrent  cycle  in  the  evolution  of  gas  bubbles.  The 
interaction  of  the  plaque  and  the  nitrate  solution  produces  gas  v/hich 
collects  as  bubbles  v;ithin  the  pores  and  which  are  not  discharged  till 
sufficient  pressure  has  been  developed  to  overcome  the  retaining  capillary 
forces.  The  solution  v/ill  obviously  be  displaced  by  the  grov/ing  gas 
bubbles  and  hence  the  plate  v/ill  be  loaded  alternately  to  different  de¬ 
grees  corresponding  to  the  accumulation  of  gas,  Thus  ihe  amount-  of  active 
material  v;hich  can  be  precipitated  in  the  pores  by  the  subsequent  polar¬ 
ization  process  v/ill  depend  on  the  particular  extent  of  the  gas  accumula¬ 
tion  at  the  moment  of  removing  the  plate  from  the  solution, 

■  Xo  consideration  has  yet  been  given  to  the  effect  of  a  variation 
in  the  weight  of  the  negative  active  material  due  to  changes  :n  the  ratio 
of  cadmium  to  nickel  in  the  precipitated  hydroxides.  This  can  only  be 
determined  by  analysis,  a  difficult  problem  since  it  is  requiied  to  dif¬ 
ferentiate  "betv/een  nickel  metal  and  nickel  hydroxide.  Such  analyses  are 
underv/ay,  as  it  is  desired  to  dstermiue  the  coefficient  of  utilisation  of 
the  cadmium  in  the  negative  plates  on  the  basis  of  analytically— determined 
values.  The  error  in  assuming  that  the  gain  in  weight  is  cadmium  hydroxide 
only,  is  probably  small,  since  the  gain  ip  weight  due  to  conversion  of 
nickel  to  hydroxide  is  balanced  (and  perhaps  exceeded)  by  the  loss  of 
nickel  hy  the  plaque  to  the  inpregnating  sblutiou, 
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For  convenience  the  results  have  been  simimarized  in  Table  No.  4.  A 
single  in^regnation  at  atmospheric  pressure  and  room  temperature  results 
in  the  introduction  of  about  as  much  active  mass  for  impregnation  periods 
tp  to  one  hour  as  in  a  single  vacuum  inpregnation.  This  amoxmt  of  cadmium 
hydroxide  is  of  the  same  order  of  magnitude  as  calculated  from  the  voliane 
of  cadmium  nitrate  solution  equal  to  the  pore  volume  of  the  plaque. 

The  increase  in  the  amount  of  active  mass  introduced  by  the  inpreg- 
nation  in  periods  longer  than  one  hour  indicates  an  increase  in  the 
cadmium  concentration  in  the  pores,  either  by  the  formation  of  soluble 
’’basic”  cadmium  nitrates  or  by  the  precipitation  of  insoluble  basic 
cadmium  nitrate  or  hydroxide.  In  either  case  there  can  be  an  equaliza¬ 
tion  of  the  cadmium  nitrate  concentration  by  diffusion  into  the  pores  of 
the  plate  from  the  ambient  solution,  The  increase  in  v/eight  beyond  the 
one  hour  period  amounts  to  about  2/3  of  the  total  gain  for  a  double  vacuum 
inpregnation  of  a  4  mm.  plate  and  at  least  0.8  to  O.9  for  a  2  mm.  plate. 
This  difference  between  the  two  plates  probably  has  a  distinct  meaning  in 
tenos  of  the  mechanism  of  the  process.  The  da-ta  permits  the  conclusion 
that  in  the  case  of  a  single  impregnation  of  a  plaque  with  cadmim  nitrate 
solution  to  produce  negative  plates,  an  immersion  period  of ,1  hour  is 
sufficient  and  no  appreciable  gain  seems  to  be  made  in  the  extension  of 
the  period  to  as  long  as  24  hours. 

In  the  case  of  positive  plates,  elevation  of  tenperature  seemed  to 
be  of  some  benefit,  and  it  was  decided  to  test  this  feature  for  the  nega¬ 
tive  plate  inpregnation.  The  data,  summarized  in  Table  No.  XXIII  for 
immersion  periods  of  1  to  6  hours  shows  a  definite  decrease  in  the  gain 
in  weight,  averaging  about  3  to  4  grams  per  plate  for  the  single  impreg¬ 
nation.  There  does  not  appear  to  be  any  advantage  in  raising  the  ten^ier- 
ature  for  this  process  and  there  was  no  change  in  the  physical  appearance 
of  the  plates. 

To  check  the  behaviour  on  multiple  impregnations,  the  plates  were 
recycled  for  a  total  of  tv;o  or  three  impregnations,  as  summarized  in  Part  2 
of  Tables  XIV  and  XV,  but  restricting  the  longest  time  to  1  hour  except 
for  the  24  hr.  plates.  The  plates  which  had  been  ingjregnated  for  shorter 
periods  of  time  were  impregnated  in  the  subsequent  repeat  cycles  for  the 
same  tine  as  originally.  For  convenience  of  reference,  the  weight  gains 
are  sunmarizea.  in  Table  No.  5* 
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TaUe  No.  4 

Single  Atmospheric  1 115)  regnat  ion  of  Negative  Plates 
G-ain  in  Weight  as  a  Function  of  Time  at  Room  Temperature 


Time 

Total  Gain  in  Weight,  g  (CdCOH)?) 

Table  XIV 

Table  XV 

Table  XVI 

2  mm.  plates  ■ 

4  mm.  plates 

4  mm.  platei 

Hrs  - 

Min 

5 

6.17 

14.08 

10 

5.65 

12.13 

15 

5.S9 

i4.75 

30 

7.01 

19.96 

1 

9. 64 

19. 81 

19.20 

2 

9.39 

18.66 

19.67 

3 

9.7s 

18.74 

19.22 

4 

17.98 

5 

17.31 

6 

10.72 

19.25 

19.02 

24 

10.44 

17.76 

4g 

8,44 

18. 7  2 

For  comparative  purposes,  the  following  gains  on  impregnation 
are  summarized  for  plaques  of  the  same  series  as  above  (Table  JCXVl) 

No.  of  Total  Gain  in  Veight  (g) 


Impregnations 

2  mm.  Plates 

4  mm.  Plates 

1 

5.75 

14.31 

'  2 

11.32 

27.29 

3 

15.68 

37.57 

4 

19.70 

46.42 
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iime 
Hrs.  • 


I* 

24 


Ta'ble  Ho.  5 

Multiple  Atmospheric  Iii5>regimtion  of  Negative  Plates 
Grain  in  Weight  as  a  Function  of  Time 

See  Tables  XIT  S  ZVV 'Part  “2 . -  - 


Total  &ain  in  Weight,. g,  (Cd  (0H)2) 


Min. 

2  mm  Plates 

4  mm  Plates 

2  cycles 

3  cycles 

2  cycles 

3  cycles 

5 

11.6? 

17.11 

24.10 

32.98 

10 

11.79 

16.59 

22,80 

31.70 

15 

11.31 

15.41 

25.39 

34.26 

30 

11.15 

17.02 

24.71 

34.88 

12.57 

nd 

2^.14 

nd 

13,65 

nd 

27.83 

nd 

•Average  of  4  plates 
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The  previous  difference  in  grouping  at  the  one  hour  line  appears 
to  hold  for  the  second  inpregnation  for  vdiich  compai-ative  data  are 
available.  There  is,  hov/ever,,  a  marked  difference  in  behaviour  on  the 
second  and  third  inpregnations  as  the  gain  in  v/eight  shov/s  a  higher 
rate  of  decrease  than  is  evident  for  multiple  vacuum  Lipregnations. 

Dor  the  2  mm.  plates,  the  initial  higher  gain  in  the  first  impregnation 
permits  an  equalisation  with  vacuum  inpregnation,  cycle  for  cycle, 
v/hereas  for  the  4  mm.  plates  there  ig  a  definite  lag  in  weight  gain  in 
comparison  v/ith  the  resirlts  of  a  conpa.rable  number  of  vacuum  impregnat¬ 
ing  cycles'^  This  is  hcrt  a  particular  disadvantage  so  long  as  multiple 
cycling  is  required  to  attain  capacity  since  the  gain  in  arpere-hour 
capacity  on  impregnation  with  active  mass  appears  to  be  greater  for 
the  negative  plates  than  for  the  positive.  The  ultimate  need  will  be 
determined  by  the  relative  values  of  the  coefficients  of  utilisation 
and  of  any  desired  excess  in  negative  plate  capacity  over  that  of  the 
positive, 

(3)  Impregnation  of  Positive  Plates  a.t  Atmospheric  Pressure. 

Effect  of  Inmersion  Time. 

Systematic  results  on  the  effect  ^f  immersion  time  have  previously 
been  presented  (Hef.  7(o))  for  2  and  4  mm,  plates  at  elevated  tempera¬ 
tures  for  nickel  nitrate  solution  of  usual  concentration  and  for  one 
containing  95"^  by  weight  of  nickel  nitrate  hexahydrate.  The  latter  was 
found  to  be  very  close  to  yielding  the  desired  capacity  in  a  single 
inpregnation  of  the  4  mm.  plates  but  it  appeared  that  extended  periods, 
of  say  6  hours,  caused  the  2  mm.  plates  to  buckle  while  immersed  in  the 
nickel  nitrate  solution.  It  v^as  desired  to  exten  d  the  experiments  to 
room  temperature  to  obtain  an  oVei’all  picture  of  the  process. 

Eor  immersion  periods  of  1  to  6  hours,  the  gain  in  v/eight  shows 
a  small  irregular  increase  v/ith  time,  and  v/ith  variations  in  accordance 
v;ith  the  discussion  above,  under  the  previovis  heading.  The  total  in¬ 
crease  in  v;elght  on  one  inpregnation  approaches  the  valpe  obtained  on 
tv/o  cycles  of  inpregnation  in  a  vacuum,  thereby  exceeding  by  an  appre¬ 
ciable  amount  the  calculated  gain  in  weight,  9*5  g  Hi(0H)2,  v/hich  can 
be  derived  from  a  volume  of  nickel  nitrate  solution  equivalent  to  the 
plaque  pore  volume.  The  data,  summarized  in  detail  in  Table  No.  XX, 
have  been  abstracted  to  show  the  final  results  in  Table  l^o.  6. 
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Table  ITo.  6 


Atmospheric  Impregnation  of  Positive  plates 
Effect  of  Time  from  1  to  6  hrs.  at  Boom  Temperat^xre. 

4  mm.  plates 

Time  G-ain  in  Weight 

g  (]sri(0H)2 


hrs. 

1 

2 

3 

4 

5 

6 


13.40 

13.69 

14.68 

13.07 

14.83 

15.38 


Gain  in  weight  of  like  plates  by  vacuum  impregnation. 

Uo.  of  Gain  in  Wt. 

Impregnations  ^  g  (111(011)2 

1  '  8.46 

2  15.98 

3  22.84 

4  27.25 
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The  effects  of  e:5;tending  the  in^rsgnation  periods  have  also  been 
studied  in  view  of  our  early  orienting  experiments  in  which  it  was  noted 
that  the  coefficient  of  utilisation  could  be  interpreted  to  mean  that  the 
active  mass  precipitated  consisted  of  nickelous  oxide  instead  of  nickelous 
hydroxide.  The  first  set  of  experiments  with  plaques  belonging  to  the 
same  series  as  used  above  resulted  in  an  irregular  series  with  small  gains 
for  2h  hrs.j  and  only  approaching  the  results  for  the  1  to  6  hr.  period 
In  2  or  5  day  periods.  These  results  shov/ed  a  greater  irregularity  than 
in  previous  tests,  which  may  have  been  due  to  lower  tenperatures  for  the 
period  of  testing,  (especially  when  standing  overnight  is  included). 

The  experiments,  summarized  in  Table  XVIII,  were  repeated  using  plaques 
made  from  the  latest  pov/der.  These  plao^ues,  for  i/hich  the  experimental 
data  are  summarized  in  Table  No.  XXXI,  showed  a  gain  in  weight  in  24  and 
48  hrs.  equivalent  to  two  cycles  of  vacuum  impregnation,  or  slightly 
higher  than  the  previous  results  up  to  6  hours  of  immersion.  This  gain 
in  v/eight  is  also  of  $Lbout  twice  the  magnitude  to  be  expected  from  the 
nickel  content  of  a  volume  of  solution  eotia.l  to  the  pore  volume  of  the 
plaques . 

(4)  Impreenatlon  of  Positive  Plates  at  Atmospheric  Pressure. 

Multiple  Impreenations . 

As  a  result  of  the  st-udies  with  the  negative  plates,  it  was  decided 
to  carry  out  multiple  inpregnations  of  positive  plates  for  one  hour 
periods.  The  experimental  data  v/ith  2  and  4  mm.  thick  plates  receiving 
tp  to  four  iitpregnations  are  summarized  in  Tables  No.  XX  and  XXI.  The 
results  on  the  gain  in  weight  of  the  plaques  are  shov;n  in  Table  No.  7, 
including  results  of  vacuum  inpregnations  of  conparable  plaques.  The 
data  indicate  that  the  multiple  cycle  vacuum  tjpe  inpregnation  succeeds 
in  introducing  a  greater  amount  of  active  mass  into  the  plaques  but  this 
added  amount  can  not  be  considered  appreciable  and  could  easily  be 
equivalent,  depending,  on  the  exact  value  of  the  coefficient  of  utilization 
foTxnd  when  tested  electrically  for  capacity.  It  is  of  interest  to  note 
again  that  impregnation  after  the  first  cycle  favors  the  vacuum  process, 
indicating  tl;at  wetting  characteristics  of  the  plate  are  changed  by  the 
introduction  of  active  mass. 
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Table  ? 

-Multiple  Atmospheric  Inroregnation  of  Positive  Plates 


No.  of 

Gain  in  Weight, 

g,  Ni(0H)2 

Impregnatioii 

2 

mm.  Plates 

4  ram. 

Plates 

Cycles 

Atmos . 

Yac'a'um 

Atmos . 

Vacuum 

1 

4.12 

3.36 

8.93 

8.46 

2 

7.03 

6.66 

15.13 

15.98 

3 

9-97 

9.82 

21.60 

22.84 

4 

12.28  * 

12.77 

26.52 

27.25 

*  Average  of  three. 
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The  experiments  descrihed  above  appear  to  he  highly  favorable  to 
the  possibilities  of  the  use  of  atmospheric  impregnation. 

( 5 )  Impregnation  of  Positive  Plates  at  Atmospheric  Pressure. 

Effect  of  Temperature. 

0 

Further  data  uas  obtained  by  inpregnating  plaques  at  120  F  as  shovm 
in  detail  in  Table  Kox  XXII.  There  is  a  decrease  in  the  weight  gains  in 
--comparison  to  the  resnlts  at  room  temperature.  The  values  are  compared 
in  Table  No.  8  with  the  values  for  gain  in  weight  on  inpregnat ion  obtained 
at  other  tecperatures.  No  advantage  appears  to  be  gained  unless  test 
results  show  an  increase  in  the  coefficient  of  utilization  with  increased 
impregnation  temperature.  Such  an  increase,  even  at  the  previously  deter¬ 
mined  figures  vrould  not  counterbalance  the  lover  values  of  the  gain  in 
weight  on  inpregnation  at  elevated  temperatures. 

(6)  Impregnation  of  Positive  Plates  at  Atmospheric  Pressure  and 
0  onstant  Acidity'.  ’ 


To  check  the  possibility  that  inpregnation  over  an  extended  period 
of  time  and  at  atmospheric  pressure  -  of  long  duration  conpared  to  the 
five  minute  vacuum  inpregnation  ~  was  being  affected  in  some  way  by  the 
acidity  of  the  solution,  tvro  sets  of  five  plaaues  in  each  v/ere  inpreg- 
nated,  the  acidity  being  kept  approximately  constant.  This  v/as  done  by 
the  regulated  addition  of  a  strong  nickel  nitrate-nitric  acid  solution. 
The  experimental  data  are  summarized  in  Table  No.  19.  These  plates 
actually  showed  a  lower  weight  gain  over  coEparable  plates  in  experiments 
in  v/hich  the  acidity  was  permitted  to  change  during  the  impregnation  by 
limiting  the  control  to  a  single  initial  adjustment  of  the  acidity.  The 
gfvin  in  weight  showed  an  average  value,  under  conditions  of  controlled 
acidity,  of  about  25:^  less  than  under  conditions  of  no  control  of  acidity 
change  during  inpregnation. 

(7)  Vacuum  Impregna.tion .Soutine  Plate  Production. 

A  total  of  165  positive  plates  and  30  negative  plates  have  been 
impregnated  by  the  multiple  vacuum  procedure  and  for  the  purpose  of  pro¬ 
viding  plates  for  test  cells  and  batteries.  The  experimental  data,  in 
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TalDle  No.  8 


Atmospheric  Impregnation  of  Positive  Plates 
Comparison  at  Various  Temperatures 
4  mm  plates 

Grain  in  Weight,  g 


Duration 


of 

68°P 

120°P 

210°P 

Impregnation 

Table 

Table 

Ref  7(0) 

hrs. 

No.  XVII 

No.  XXII 

Table  No.  XX 

1 

13.40 

11.80 

10.74 

2 

13.69 

12.69 

11,98 

3 

14.68 

12.32 

13.46  ♦ 

4 

13.07 

11.71 

nd 

5 

14.83 

10.77 

nd 

6 

15.38 

10.95 

12.98  ♦ 

Note  (*)  iphese  values  may  he  the  result  of  an  increase  in  concen- 
tiation  of  the  nickel  nitrate  solution  due  to  evaporation. 
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stunmary  form,,  are  given  in  Tables  XXIV,  XXV*  XXVI,  andXXVIIIk  The 
data  available  will  permit  an  exhaustive  analysis  of  the  vacu'um;  iinpreg~ 
nation  process,-  The  necessary  calculations  however  are  incomplete 
this  time  s.  that  their  presentation  ^d  ,coiig>lete' discussion  is  post¬ 
poned.  The  delay  will  permit  a  correlation  with  the  results  of  tests 
to  determine  electrical  characteristics. 

The  higher  rates  of  in^jregnation  for  the  negative  plates  in  com¬ 
parison  with  the  positive  plates  is  illustrated  by  the  results*  The 
gains  in  'weight  oh  -impregnation  have  been  converted  to  theoretical 
capacities  in  ampere-hours  on  the  basis  of  the  electrochemical  conversion 
of  energy  for  the  reactioni 

2  iIi(0H3  Cd.-  -  2  Ni(0H)2  +  Cd(0H)2 

Por  a.  like  number  of  vacuum  in^jregnahions,  vfith  all  conditions  constant 
except  for  the  solutions,  which  are  the  source  of  the  active  masses*  the 
accumulation  of  active  mass  by  the  negative  plates  is  at  about  twice 
the  rate  of  accumulation  of  active  mass  by  the  positive  plate.  This  is 
immediately  evident  from  the  data  summarized  in  Table  ho,  9* 

(8)  Vacuum  Impregnation.  Effect  of  Sintering  Time, 

It  has  been,  indicated  that  the  sintering  time  in  preparing  the 
plaaues  is  of  vital  in^jortance  in  the  ultimate  behaviour  of  a  plate, 
particularly  the  positive  plate,  in  the  alkaline  battery.  This  subject 
has  been  treated  in  the  appropriate  prior  section  of  the  Discussion. 

The  fundamental  importance  of  evaluating  this  factop  from  the  standpoint 
of  battery  life  can  not  be  overestimated  and  this  series  of  experiments 
is  a  start  in  its  proper  characterization. 

Compacts  of  the  PM-3  size  were  sintered  fop  periods  of  from  5  to 
15  minutes;  the  data  for  the  plaques  have  been  summarized  in  Table  XI. 
These  plaques  v;ere  impregnated  by  the  vacunm  procedure,  keeping  all  con¬ 
ditions  constant.  The  escperimental  da,ta  have  been  summa.rized  in 
Table  ho.  XXVII. 

Examination  of  the  results  Bhov;s  a  decrease  in  the  weight  gain 
which  is  regular  from  the  plaque  sintered  in  the  shortest  time  of 
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Table  Ko.  9 

TacuuS  Impregnation,  Conparis'un 
of  P.ositive  and  Negative  Plates 


Plate 

O 

• 

O 

Ta'cle 

Theoretical 

The  or.,  Oax 

Description 

Impregnations 

Ho. 

Capacity-AH 

ah/  sq.  in/ir 

Neg, 

4 

XXIV 

21.59 

0.339 

Pos  " 

4 

XXV 

10.88 

0.171 

Neg,  S,  2  mi. 

3 

XXVI 

5.80 

- 

Pos,  S,  2  " 

3 

tt 

2.75 

-- 

Ueg,  S,  2  ” 

4 

II 

7.08 

- 

Pos,  S,  2  " 

4 

» 

3.76 

- 

Neg,  S,  4  " 

3 

ir 

14.15 

- 

Pos,  S,  4  " 

3 

n 

6,40 

- 

Neg,  S,  4  « 

4 

1? 

16.58 

- 

Pos,  S,  4  " 

4 

n 

8.09 

- 
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5  minutes  to  the  plaque  sintered  in  15  minutes.  This  decrease  corresponds 
to  a  change  in  theoretical  capacity  from  l6.0  A.H.  to  12.6  A.H.  However, 
the  plagues  show  a  regular  decrease  in  thickness  v/hich  follows  the  same 
course.  The  results  have  been  calculated  in  terms  of  the  \anit  weight 
gains.  Table  XXYII  shov/s  the  results  in  terms  of  grams  gain  per  cubic 
centimeter  of  pore  vol-ume.  The  average  value  is  1.2?  g  per  cc  with  a 
maximTan  deviation  of  O.05.  The  time  of  sintering  has,  therefore,  not 
wrought  any  changes  in  the  plaques  v/hich  have  an  effect  'upon  the  inpreg- 
-ua-tioH^-rocess  •. -  . 

If  it  is  ass'umed  that  the  density  of  nickelqus  hydroxide  can  be 
talcen  at  the  value  of  the  precipitated  forms  showing  distinct 
def fraction  patterns,  namely  4.10  (Ref  7  p)»  the  volume  of  the  nickelous 
hydroxide  is  O.3I  cc  per  cc  of  pore  volume,  so  that  ys$  of  the  available 
pore  volume  is  filled  on  four  inpregnations. 

All  of  the  plates  of  this  series  of  tests  have  been  made  ip  into 
test  cells  and  their  performance  over  an  extended  period  will  be  observed. 

(9)  Vacuum  Impregnation  of  Porous  Graphite  Plates. 

An  understanding  of  the  iitpregnation  process  v/ill  depend  to  a  large 
extent  on  the  isolation  and  measurement  of  the  effect  of  individual  inde¬ 
pendent  variables.  The  elimination  of  the  reaction  betvreen  the  nickel 
metal  of  the  plaque  and  the  solution  seemed  to  be  a  desirable  starting 
point,  particularly  in  viev/  of  the  recognition  of  the  function  of  the 
evolved  gas  in  changing  the  degpee  of  icpregnation.  with  time.  This  line 
of  thinking  led  to  the  possibilities  of  porous  graphite  plates,  which 
are  available  commercially.  It  is  recognised,  however,  that  graphite  is 
not  conpletely  inactive  in  electrochemical  reactions,  especially  in  its 
tendency  to  react  v/ith  oxygen  to  form  graphitic  acids,  often  in  the  form 
of  surface  compounds. 

Porous  graphite  plates  are  available  in  various  grades,  having  an 
approximately  constant  effective  porosity,  but  varying  in  pore  diameter. 
The  plates  used  in  this  series  of  tests  varied  in  pore  diameter  from  33 
to  140  microns  and  ha.d  an  effective  porosity  of  48^.  These  sizes  fall 
into  the  classification  ’’macroporous",  that  is  v;ith  the  bulk  of  their 
pores  with  diameters  greater  than  5  microns  (Ref.  7  q).  The  variation 
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in  pore  diameter  is  of  direct  interest,  especially  v/ith,  regard^ to  esta"^ 
lishing  whether  or  not  it  would  he  desirable  to  e:^end  effort^ in  learning, 
hov;  to  control  this  factor  if  there  proved  to  he  an ’optimum  distribution 
for  maximum  plate  capacity, 

Ihe  experiments  v/ere  carried  out  in  th©  us'ual  manner,  impregnating 
for  four  cycles  with  nickel  nitate  solution.  She  experimental  data  are 
sho\m  in  Table  No.  XXX.  The. results  show  differences  in  behaviour,  not 
only  in  the  first  cycle  of  the  in^regnation,  but  in  the.  overall  picti^e. 
The  grad®  60  plaque  v/ith  a  pore  diameter  of  33  microns  sho\y«d  a  steady 
and  marked  decrease  in  v«3ight  gain  on  successive  inpregnat  ions,  \;hereas 
all  of  the  other  grades  showed  a  varia.tion  similar  to  that  noted  Virith 
carbonyl  nickel  pla.ques,  particularly  in  their  tendency  to  shov  a  sub¬ 
stantial  vreight  gain  on  the  third  cycle  when  the  weight  gains  on  the 
first  and  second  cycles  vrere  conparatively  low. 

The  overall  gain  expressed  in  terms  of  the  percent  of  the  pore 
volume  occipied  by  the  nickelous  hydroxide  varied  from  18  to  2?^,  v;hereas 
conparable  res’ults  for  nickel  plates  shov;ed  3b7o.  This  may  be  the  result 
of  the  difference  in  v/etting  and  penetration  by  th©  solution  or  to  the 
absence  of  the  reaction  occurring  in  nickel  plaques  betv;een  the  sintered 
metal  and  the  solution.  This  line  of  experimentation  will  be  continued 
and  extended,  especially  to  the  negative  plate  so  that  the  possible 
effect  of  nickel  in  the  inpregnation  process  v;lll  be  eliminated.  These 
carbon  plates  vdll  also  be  tested  as  cells  for  capacity  and  electror- 
chemioal  behaviour. 

(10)  Cathodic  Polarisation  in  Lithium  Hydroxide. 

Ina.smuch  as  it  is  knoi'ro.  that  relati'V'ely  small  amounts  of  lithium 
ion,  added  to  the  electrolyte  of  alkaline  cells, may  have  beneficial 
effects  on  their  capacity  ahd  life  and  since  the  mode  of  its  action  has 
not  been  clearly  defined,  xoreliminary  thought  siiggested  the  possibility 
that  this  beneficial  effect  could  be  incorporated  by  polarization  of  the 
plates  in  lithium  hydroxide  solutions.  Accordingly,  a  series  of  •  "  ^ 
plaques  v^as  subjected  to.  four  inpregnation  cycles,  d'uring  which  each 
polarization  was  carried,  out  in  lithium  hydroxide  solution.  The  eaperi-^ 
mental  data  are  shox-zn  in  Table  JlOf  XXIX.  Alb  of  the  plates  have  been 
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made  up  into  test  cells.  The  v/eight  gains  are  of  the  same  order  as  found 
in  the  usual  procedure  v/ith  polarization  in  potassiiom  hydroxide  solution, 
thereby  eliminating  the  possibility  tliat  the  active  masses  tend  to  absorb 
or  combine  v/ith  appreciable  amounts  of  lithium  ion. 

It  v;as  noted  that  the  fumes  produced  in  the  lithium  hydroxide  polari¬ 
zations  are  strong  irritants  to  the  nose  and  throat  sO  that  suitable  pre¬ 
cautions  should  be  applied  in  using  this  reagent. 

(11)  Pore  Volumes  from  Drying  Data. 

For  the  proper  design  of  a  drying  unit,  the  amount  of  v/ater  to  be 
removed  from  the  plates  following  the  v/ashing  step  must  be  knovm.  In  the 
course  of  determining  the  water  content  of  typical  plates  for  which  the 
data  are  shown  in  Tables  Ho,  XXXII  and  XXXIII,  the  figures  were  converted 
to  volumes  and  pore  volumes  calcule,ted  by  adding  to  this  value  the  volume 
of  the  precipitated  active  mass.  The  pore  vol\aiies  found  in  this  v/ay  are 
smaller  than  those  calculated  from  the  measurements  of  the  plaques,  but 
are  v/ithin  10  percent  of  these  values.  This  could  mean  that  the  actual 
densities  of  the  precipitated  hydroxides  are  lfl|^er  than  used,  basing  the 
values  on  crystalline  forms,  but  in  any  event  the  data  show  little  loss 
in  available  pore  volume  and  it  can  be  expected  tiuit  the  free  space  in 
the  irapregntited  plates  v;ill  be  filled  i/ith  electrolyte  in  the  cells. 

This  approach  should  be  used  in  any  detailed  analysis  of  the  role  of 
diffusion  in  the  behaviour  of  the  alkaline  sintered  plate  battery. 
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c.  TestiEg 

(l)  G-eneral  Sema.rks.  The  testing  procedure  which  had  been 
adopted  for  determining  the  electrical  capacity  of  plates  was  described 
--=.=.Jbrlefly^_hu  flL  previous  repprt^CSef .  Jr)  ^  Its  aim  was  ^  set  up  means 
for  evaluating  plate  capacities  in  terms  of  the  theoretical  capacities 
calculated  from  weight  gains*  which  is  equivalent  to  the  determination 
of  the  coefficients  of  utilization.  The  design  of  the  test  cells  was 
different  in  some  respects  from  the  usual  alkaline  batteries-  The 
volume  of  electrolyte  provided  was  greater  and  the  free  space  in  the  cans 
permitted  an  electrolyte  circulation  durir-g  charging  and  discharging 
cycles.  There  was  an  absence  of  tension  on  the  plate  group  except  for 
the  rubberband  or  string  with  which  the  plate  group  was  tied,  and  the 
plate  separation  was  net  held  rigidly  to  the  standard  value  of  O.O3 
inch  generally  used  in  alkaline  batteries  with  the  pocket  type  of  plate. 
The  testing  procedure  did  not  conform  to  rigorous  schedules  of  charging 
and  discharge  cycles  and  rates.  This  state  of  affairs,  for  which  no 
apology  is  intended,  was  in  part  ascribable  to  the  large  number  of  plates 
of  differing  capacities  which  were  subjected  to  electrical  testing, 
and  in  part  due  to  the  pioneering  aspect  of  thp  work.  There  is  a  gap 
in  background  on  w'nich  to  extrapolate  individual  plate  capacities  to 
ultimate  performance  in  batteries,  and  it  would  be  false  economy  in 
planning  to  expect  like  performance  from  the  sintered  plate  in  compari¬ 
son  to  the  pocket  plate  merely  on  the  basis  of  the  expected  higher  co¬ 
efficients  of  utilization  of  the  active  masses  of  the  sintered  plates. 

It  also  appears  that  testing  should  bo  predicated  to  a  certain  extent 
on  the  ultimate  specifications  forwhich  a  battery  is  to  be  used.  It 
is  desirable  to  establish  the  relationship  between  plate  testing  results 
end  battery  design. 

The  most  bothersome  feature  of  the  testing  program  has  been 
in  the  irregularity  of  the  capacities  found  for  an  individual  plate  over 
a  consecutive  number  of  charging  and  discharging  cycles.  This  feature 
is  observed  apparently  whenever  a  detailed  analysis  is  made  of  carpaoity 
tests  of  alkaline  batteries,  wliether  of  the  sintered  plate  type  or  of 
the  pocket  type  and  has  been  noted  in  the  work  of  other  laboratories. 
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The  selection  of  an  absolute  value  for  the  plate  capacity  becomes  an 
arbitrary  procedure,  within  certain  limits,  under  such  conditions.  In 
any  logical  approach  to  this  subject,  it  is  necessary  to  scrutinize  the 
testing  procedure  in  all  its  phases  .and  conditions. 

_ .A  typical  example  of  the_possible  effect  of  a  testing  condition 

is  illustrated  by  the  introduction  of  the  variableV  the  interval ~cT 
time  that  the  battery  is  on  open  circuit  from  the  end  of  charging  to  the 
start  of  discharging.  The  open  circuit  potential  of  an  alkaline  battery 
falls  on  standing  immediately  after  discharge,  and  although  the  capacity 
less  due  to  this  change  is  small,  its  value  is  within  the  range  of 
capacity  variation  noted.  The  choice  of  a  period  of  standing  during 
testing  will  depend  on  the  use  to  which  a  battery  vdll  be  applied.  Por 
Diesel  starting,  the  conditions  would  call  for  only  a  few  minutes  of 
standing  on  open  circuit;  for  a  miner^s  lamp,  the  choice  v/ould  be  dic'- 
tated  by  the  practical  considerations  of  the  charging  schedule  and 
delivery  of  the  lamp  to  the  user., 

A  different  point  of  view  maizes  it  conceivable  that  the  variation 
in  capacity  on  repeated  cycling  is  a  function  of  the  plate  structure. 
Considering  the  active  mass  of  a  positive  plate,  charging  changes 
nickelous  hydroxide  to  nickelic  hydroxide  while  discharging  reverses 
the  reaction.  Little  is  known  about  the  nature  of  the  reaction  from 
the  point  of  view  of  the  behavior  and  changes  of  the  individual  hydroxide 
particles.  The  apparent  reversibility  of  the  reaction  may  well  hide 
changes  in  the  sizes  and  aggregation  of  individual  hydroxide  particles. 

If  the  reversibility  were  perfect,  it  might  be  expected  that  the  co¬ 
efficient  of  utilisation  would  always  be  near  or  at  lOOjS.  The  lower 
values,  especially  with  multiple  impregnations  of  sintered  plates,  may 
well  permit  a  condition  \;hereby  the  cycle  of  charging  and  discharging 
opens  and  closes  new  pores  thereby  changing  the  accessibility  to  electron- 
chemical  reaction.  An  insight  into  these  processes  may  provide  the  cue 
for  new  approaches  to  the  general  problem  of  mekir.g  improvements  in 
batteries. 
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The  suggested  changes  in  testing  procedure  are  being  applied 
in  the  program  of  determining  plate  capacities.  It  is  not  proposed  to 
discuss  these  changes  prior  to  a  more  thorough  study  of  the  results. 

There  are  still  a  number  of  arbitrary  features,  which,  however,  it  is 
...suspected  will  be  an  ever-present  source  of  provocation  for  further 
excursions  into  the  nature  of  the  fundamentar'Taws"'g6verhihg'  seoondary 
batteries. 

(2)  Pocket  Tvue  Cells.  Va.rious  combinations  of  pocket  type 
cells  were  made  up,  particularly  with  the  types  of  pocket  plates  which 
were  used  in  combination  with  sintered  plates  for  testing  their  capacity. 
The  results  are  shown  in  summary  form  in  Table  No,  XXXV.  These  cells, 
shov;ed  the  typical  variation  in  capacity  on  consecutive  cycles  of  charging 
and  discharging.  The  average  capacity  of  the  cells  exceeded  the  rated 
capacity  of  the  plate  group  with  the  lower  rating  in  all  tests.  Atten¬ 
tion  is  called  to  the  capacities  well  over  the  rated  figures  when  the 
negative  plate  is  provided  with  a  positive  plate-group  with  ample  excess 
capacity.  The  combination  of  a  negative  plate  with  a  positive  plate 
group  of  twice  the  rated  capacity  gave  capacities  of  150^  of  the  rated 
capacity  of  the  negative  plate. 

Tests  in  which  various  anions,  such  as  sulfate,  chloride,  and 
carbonate  were  added  to  the  electrolyte  did  not  show  any  specific  effects 
over  22  cycles  of  charging  and  dische.rging.  The  same  feature  had  been 
noted  for  the  nitrate  ion,  as  i-eported  in  the  Quarterly  Progress  Report, 

30  Sept.  1947.  Table  XXVI,  page  53.  This  ion  \could  be  expected  as  a 
possible  contaminant  of  sintered  plate  cells  made  up  by  impregnating 
with  nitrate  solutions.  After  20  cycles,  it  was  found  by  analyses  of  the 
electrolyte  that  the  nitrate  had  been  eliminated  from  the  electrolyte. 
These  tests  indicate  that  up  to  the  limits  of  concentration  used  in  the 
cells,  foreign  anions  will  have  little  effect  on  the  capacities  deter¬ 
mined  for  the  sintered  plates.  An  examination  of  the  capacity  data  for 
the  colls  with  nitrate  added  to  the  electrolyte  shewed  a  diminishing 
loss  of  capacity  on  standing  on  open  circuit  (usually  over  v/eekends). 

This  would  indicate  that  nitrate  ion  will  react  with  charged  plates, 
thereby  reducing  capacity  and  in  this  case,  providing  a  means  for  its 
elimination  from  the  electrolyte. 
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(3)  Effect  of  Sintering  Time  on  the  Ganacity  of  a  Plate,  It 
v;as  shown,  in  Table  XVIII  of  the  30  Sept*  194?  Quarterly  Progress 
Heport  that  sintering  times  longer  than  15  minutes  caused  a  decrease 
in  the  theoretical  capacity  attained  in  three  V8.cuum  impregnations. 

The  average  capacities  show  a  steady  decrease  as  a  function  of  sintering 
time;  the  testing  data  are  summarized  in  Table  XXXIX*  Up  to  a  20 
minute  sintering  period,  the  coefficient  of  utilization  is. 85^,  dropping 
to -61^  for  the  25  and  30  minute  sintering  period,,  The  latter  periods 
correspond  to  sintering  times  for  which  the  shrinkage  on  sintering  has 
reached  a  steady  value. 

It  is  new  recognized  that  sintering  periods  beyond  I5  minutes 
will  not  be  of  particular  importance.  However,  the  plates  sintered  up 
to  30  minutes  have  not  shown  any  tendency  toward  disintegration  or 
particularly,  of  blistering,  in  variance  with  the  suggestions  that  ”hard^ 
plates  produced  with  long  sintering  periods  and  by  high  temperatures  are 
characterized  by  such  defective  behaviour.  These  experiments  w^oiild 
indicate  other  causes.  On  the  other  hand,  the  total  number  of  impreg¬ 
nations  was  limited  to  three  cycles,  which  may  suggest  that  there  is  a 
limiting  value  of  the  pore  volume  which  may  be  occupied  by  the  active 
mass.  It  is  possible  that  a  heavier  loading  of  these  plates,  such  as 
by  a  fourth  impregnation  cycle,  might  bring  about  the  reported  blistering 
effect  on  utilization  of  the  plates  in  batteries. 

( 4 )  Positive  Plates  Innregnated  at  Atmospheric  Pressure. 

Single  Imnregnat ions ,  Selected  plates  from  the  groups  impregnated  at 
99^C  in  50  and  6O/0  nickel  nitrate  (111(1103)2)  solution  were  assembled 
in  test  cells  with  pocket  type  negative  plates.,  The  data  are  shown 

in  summary  form  in  Tables  Ho.  IGIXX  ard  X'CXXI.  The  testing  results  Qhovr 
that  positive  plates  may  be  impregnated  in  strong  nickel  nitrate  solution 
at  99^0  in  a  single  treatment  at  atncspheric  pressure  to  yield  capacities 
approaching  the  values  indicated  for  the  performance  of  the  Durac  plates. 
Considering  the  orienting  nature  of  these  experiments,  it  would  be 
desirable  to  carry  out  further  tests,  though  the  process  v/ill  apparently 
be  unsuitable  for  thin  plates  owing  to,  the  tendency  of  the  2  mm  plates 
to  buckle  during  immersion  for  periods  longer  than  three  hours.  The 
coefficients  of  utilization  hrd  about  an  average  value  of  82)j,  indicating 
again  that  the  relationship  here  is  dependent  upon  the  percentage 
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occupancy  of  the  pore  volume  by  the  active  mass.  This  point  has  been 
emphasized  repeatedly,  as  there  is  a  possibility  that  calculations  based 
on  active  mass  to  electrolyte  proportions  using  the  usual  electrochemical 
expression  of  the  reactions  may  put  a  meaning  into  the  phenomenon. 

A  number  of  the  plates  x^'ere  transferred  to  test  cells  having 
increased  negative  plate  capacity,  xvith  little  change  in  the  capacities 
found.  This  procedure,  sdong  v/ith  the  information  on  testing  pocket 
type  negative  plates,  eliminated  the  possibility  that  insufficient  nega¬ 
tive  capacity  v;as  used  in  this  particular  series  of  tests. 

(5)  Ifea-ative  Plates  Impregnated  at  Atmospheric  Pressure.  Data 
on  the  testing  of  negative  plates  impregnated  in  2  and  3  cycles  at 
atmospheric  pressure  are  shown  in  Table  No.  XXXXIII  for  both  2  mm. 
and  4  mm.  plates.  In  order  to  provide  sufz'icient  positive  plate  capacity 
in  most  of  these  tests,  it  has  been  necessary  to  use  groups  of  four 
positive  pocket-type  plates,  so  that  each  sintered  negative  plate  was 
surrounded  on  two  sides  by  tvjo  pocket -plates,  each  of  the  same  area. 

The  2  mm.  thick  negative  plates  showed  a  coefficient  of  utilization  of 
92^  for  tv70  impregnations,  xirhile  a  third  impregnation  dropped  the  value 
for  the  coefficient  to  84p.  This  appears  to  be  an  effect  similar  to 
that  found  in  the  positive  plates  on  multiple  impregnation  or  on  attain¬ 
ment  of  capacities  approaching  the  figure  for  the  Durac  plates.  The 
capacity  of  the  negative  plates  with  three  atmospheric  impregnations 
has  reached  a  value  of  0.24  A.H.  per  sq.  in.  per  ram.,  exceeding  the 
corresponding  value  of  the  positive  plates  and  confirming  the  higher 
rate  of  impregnation  of  the  negative  plates  as  shown  by  the  weight 
gains  or  theoretical  capacities.  This  feature  is  the  reverse  of  what 
was  expected  on  the  basis  of  the  descriptions  of  the  manufacture  of 
Durec  negative  plates  (Ref.  7iC).  It  v/as  stated  that  the  negative  plates 
sometimes  received  five  impregnations  to  insure  the  proper  weight  gain. 

It  is  conceivable  that  such  a  condition  might  have  been  due  to  the 
manufacturing  procedure  involving  delays  in  transferring  the  plaques 
from  the  impregnating  solution  to  the  cathodic  polarization  process, 

( 6 )  Multirle  Imnrsgnation  of  Positive  Plates  at  Atmospheric 
Pressure.  Table  No.  ::QCC1II  summarizes  data  on  cells  with  positive 
plates  which  had  received  four  cycles  of  impregnation  at  room 
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temperature  and  atmospheric  pressure,  and  compared  with  control  tests 
on  plaques  from  the  same  batch  impregnated 'by  the  vacuum. procedure,  Ihe 
tests  show  that  the  atmospheric  impregnation  for  four  cycles,  with  plaques 
of  2  and  4  mm.  thickness,  results  in  capacities  at  the  came  coefficient 
of  utilization  as  for  va.cuum-impregnated. plates.  The  actual  capacities 
for  the  plates  impregnated  at  atmospheric  pressure  are  slightly  lov;er 
than  the  capacities  of  the  vacuum-impregnated  plates,  in  accordance  with 
the  indications  from  the  theoretical  capacities. 

The  results  to  date  indicate  that  the  theoretical  capacities, 
based  on  weight  gains  on  impregnation  of  plates,  can  be  used  to  predict 
ultimate  capacities  withoixt  going  through  the  tedious  testing  procedure,. 
This  would  permit  the  concentration  of  the  test  work  on  multiplate 
batteries  for  which  the  other  important  factors,  such  as  life,  plate 
durability,  charging  ch-a.racteristics,  discharge  at  various  rates,  shelf 
life,  etc.,  can  be  adequately  and  more  thoroughly  evaluated. 

(?)  Miscellaneous  Tests.  Tables  ICiXTI  to  XXXVIII  show  data 
for  variwus  plates,  for  which  the  results  have  not  yet  been  fully  co¬ 
ordinated.  The  results  of  Table  XXXVI  refer  to  5M-3  positive  plates 
which  have  been  charged  and  discharged  at  various  rates,  which  will  be 
co-ordinated  with  the  results  of  tests  on  similar  plates  assembled  in 
multiple  plate  cells  and  twin  batteries.  These  data  are  included  to 
show  the  various  phases  of  v;ork  underway  and  to  indicate  that  ansx'/ers 
to  some  of  the  questions  posed  by  testing  procedure  will  be  forthcoming 
in  the  not  too  distant  future. 


5. 


Conclusions  and  .uecommendations . 


The  Summary,  section  2,  gives  a  brief  statement  on  the  conclusions 
indicated  by  the  work  performed  in  this  quarter.  It  is  proposed  that 
final  conclusions  should  av/ait  the  romiding  out  of  the  experiments  to 
fill  the  apparent  gaps  of  informat  ion  very  broad  avenues  of  research 

and  development  are  indicated  hy  the  work  to  date,  namely  investigations 
into  the  fundamental  nature  of  the  electrode  processes  of  the  nickel- 
cadmium  alkaline  battery  in  relation  to  the  performance  of  sintered 


-^plates,  and  the  extension  of  the  processes  involved  in  producing  sintered 
plates  on  a  large  scale  with  a  view  to  establishing  low-cost  quantity 
production.  It  is  proposed  that  the  v;ork  continue  along  these  lines 
and  the  completion  of  those  experiments  suggested  by  the  experimental 
work  presented  in  this  and  previous  reports. 
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8.  Appendix 


Table  I 


Sintering;  Routine  Production  for  Impregnation  Teste 


10. 5  SCi  IR  BY  ''2«  mm  Plaques 


jJxperiment  Ko. 

Date 

Record 

Operator 

ilb.  of  Plates  Prepared 
Gompact  Preparation 
Powder,  Type 
Weight  Sintered 
Appaxent  Density 
Grid,  Type 


S 

1947 

Vol.V 


e 

g/cc 


Weight  g 


Porm 

Experimental  Conditions 


Sinter  Temp,  Initial  /  °P 
”  ”  Average 

Sintering  Time  min. 

Results 

Thickness  mm 

Shrinkage  in  Thick,  ^ 

Plate  Area  sq.in. 

Calculated  Resxilts 
Plate  Volume  sq,in-mm 

Pore  ”  cc 


$  of  J\pparent  Sinter  Volume 
io  of  Pinal  Plate  Volxime 
Eet  Pore  Volume,  cc/sq,.in-inm 
Unit  Plate  Weightjg/sq.  in~ram 
Powder  "  « 

II  (jricL  «  « 


383“4i4  Average 

High 

Low 

9/12-9/15  - 

- - 

9H-101  - 

- - -  - 

-  -  -  - 

Paul  Stahlberg 

20  20 

- 

--- 

p-a  -  - - 

^  — 

M  •f* 

- i4.4 

15.7 

12.9 

-  -  0.70 

0.77 

0.63 

8x8  Nickel  Wire,  Welded  Lug, 

0.028"  dia  V/ire,  Annealed 

- 15.7 

16. 2 

15.1 

3.6o"x3.oo"  X  0.125"  - 

- - 

— 

1700^ - 

^ 

^ 

1678 

1645 

10- - 

-  —  —  — 

- 2.22 

2,66 

1.93 

•  ^  ~  - - 30,5 

39.2 

26.6 

10.51 - -  - - 

•  - - 23.33 

2J.96 

20.29 

,  - - 11,70 

14.63 

9.57 

-  ^  „  S7.4 

89.6 

84.4 

-  - -  77.5 

81,2 

73.2 

- - - -  0,500 

0.523 

0.472 

-  1,287 

— 

- T,  0.615 

. 

-----  .r  ^  0.672 

«i» 

- 

See  Table  XIII,  16  for  Notes 
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Tatle  ]Jo.  II 

Sintering;  Houtine  Production  for  Impregnation  Tests 


10.5  SQ,  Iir  BY  mm  plates 


Experiment  No. 

S 

387-416 

417-442 

Average 

High 

Low 

Average 

High 

Low 

Bate 

1347 

9/12-9/3-6 

9/16-9/17 

Operator 

P.S. 

P.S. 

Ho.  of  Plates  Prepared 

l4 

26 

Sompiact  iPrcparation-  — ■ 

-  - 

— 

- 

— 

—  - 

- 

”  -  —  ■ 

Powder,  Type 

P21 

P21-1 

Weight  Sintered 

e 

30.7 

31.7 

29.2 

33.3 

35.2 

30.8 

Apparent  Density 

g/cc 

0.72 

0.75 

0.69 

0.78 

0.83 

0.72 

Grid,  Type 

8x8  LA 

8x8  LA 

Weight 

s 

15.6 

16.0 

15.2 

15.7 

16.7 

15.2 

Norm 

3.60x3.1 

00x0.25” 

-  -  - 

-  - - 

-  -T  r- 

-  -  — 

Experimental  Conditions 

Sinte:i;*  Temp.  •  Initial 

°p 

1700  - 

-  -  ■ 

-  —  ^  - 

'  —  —  ’ 

T  —  —  ^ 

.  — 

"  ”  Average 

op 

1659 

i6S5 

1639 

1655 

1667 

1628 

Sintering  Time 

min. 

10  -  -  ■ 

-  -  -  “  * 

■  —  T- 

Hesults 

Thickness 

mm. 

4.28  , 

4.42  ‘ 

4.16 

4.47 

4.72 

4.27 

Shrinkage  -  ^  of  Compact 

32.7 

3i^.5 

30.4 

29.6 

32.1, 

25.7 

Plate  Area 

sq.in 

10.51 

10.51 

Calculated  Hesults 

Plate  Volume 

sq.  in.- 

44.98 

46,98 

Pore  ” 

mm 

cc 

23.73 

24.65 

22.92 

24.71 

26.39 

23.69 

4  of  Apparent  Sinter 

Vol, 

86.9 

87.6 

86.3 

86.5 

87. 1 

85.8 

^  of  Pinal  Plate  Volume 

81.8 

82.6 

81.0 

81.6 

82.4 

80. 9 

Unit  Pore  Vol|Oc/sq.  in 

-mm 

0.53 

0.53 

- 

"  Plate  Wt,g/sq.  in-: 

mm 

1.030 

1.043 

"  Powder  ”  " 

0. 683 

0.710 

'*  Grid  ” 

0.3^7 

0.333 
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lalDle  lo.  Ill 


Sintering;  Perforated  Boiled  and  ELectroformed  Nickel 

Sheet  as  Grids 


Experiment  No. 

s 

449-50 

451-2 

453-4 

455-6 

457-3 

463 

464 

Date 

1947 

11/26- 

-11/23. 

-12/3- 

^  ^  ^ 

Heoord 

Vol 

IV,  173-7  -  “ 

— 

-  • - 

- - 

VIII, 

110- 

»  M  «• 

Operator 

L.  Fay  &  W.  W. 

Oppephuim-- 

^ 

^ 

_  ^ 

Compact  Preparation 

Powder,  Type 

P23-2  - 

- 

-  ^ 

^  « 

.7*  —  M  — 

«  « 

^ 

Weight  Sintered 

& 

47.40 

45.75 

45.20 

44.54 

^5.77 

23.42 

Apparent  Density 

g/cc _ 

.  l.Ql. ... 

.1*03 

1.04 

l.o4 

1.05 

nd 

nd 

Grid,  Type 

3xSL  Perforated  sheet 

,  See  Notes 

Weight 

g 

i4.52 

5.13 

4.46 

■3.39 

12.7s 

4,13 

4.09 

Porm ,  3  ^  o0x3 • 00” ,  Depth 

0.25  inch  -  - 

^ 

^  - - 

-  ^  « 

^ 

0.125 

Bjgrerimental  Conditions 

Temp,  Initial 

0|> 

1715-  - 

^  ^ 

r*  —  I* 

«  .r.  - 

1720 

1715 

"  Final 

Op 

1670 

1677 

1662 

1665 

1665  ■ 

1675 

1655 

”  Average 

op 

1654 

166O' 

1650 

1652 

1653 

1661 

1647 

Sinter  Time 

min 

10  -  - 

^  ^  - 

•  —  — 

Besult  s 

Dimensions 

Shrinkage  in  Width 

t 

1.5s 

1.69 

*1.53 

1.53 

1-53 

0.99 

0.99 

"  "  Height 

2.04 

1.91 

^.o4 

2.o4 

1.91 

1.31 

1.31 

Thickness 

mm 

5.2s 

5.32 

5.27 

5.27 

5.2s 

5.21 

2.64 

Shrinkage  -  5^  of  Qojnpact 

16. 8 

16.2 

17.0 

17.0 

16. 3 

13.0 

16. 3 

Ratio,  Form/Plate  Thick. 

1.20 

1.20 

1.20 

1.20 

1.20 

1.22 

1.20 

Plate  Area 

sq.in 

10.41— 

■tlo.43 

10.51- 

Notes  (1)  Perforated  grids  used  throughout.  For  plates  451-453  holes  were 

3/3  inch  in  diameter  v/ith 

the  centers  of 

alternate  rov/s  staggered. 

Lugs  were  ct\t  out  of  the  solid  sheet,  integral  with  the  grid.  Por  plates 
463  and  464,  the  holes  were  cne~half  inch  in  diameter.  She  grid  size 
made  to  allow  l/S  inch  clearance  on  all  sides. 


was 

For  449  &  450, 

"  451  &  452, 
453  &  4^4 
455  &  456 
457  &  458 
463  <s>  464 


8x3  wire  cloth,  for  comparison 
International  Nickel  Co, 


Chromium  Oorp.  of  Am. 


0,005  ihch  electrofomed  Hi  sheet 
0.005  ”  rolled  sheet,  A  nickel 

II  II  IT  It  tt 

II  u  II  n  11 

It 


0.010 

0.015 

0.C09 


electroformed  Ni  sheet 
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^Dable  Ko.  IV 


Sintering; 

Effect  of 

Thin 

Sintered  Sheet  as 

Grid 

Experiment  No, 

S 

371 

372  447 

448 

462 

Date 

1947 

8/27 

~  ^  ~  11/10  - 

- -  «  . 

-  12/1 

Hecord 

Vol 

V,22 

-  VIII  75,76 

IV.  180 

Operator 

P.S. 

-  - - L.P.  - 

^ 

^  ^  ^ 

Compact  Preparation 

Powder,  Type 

P21  - 

- ,  -  .-P21-3-  . 

-P23-2 

Weight  Sintered 

g. 

n.d. 

n.d.  50,36 

51.26 

49.02 

Apparent  Density 

g/cc 

It 

Grid,  Tj’pe 

See  Notes  "below  »  - 

^ 

^  w  — 

Weight 

e 

7.3 

5*6  nd 

i4.i8 

8.  07 

Poimi 

3.6x3.0x0.125  3.60x3.0x0.25-r 

Experimental  Conditions 

Temp.,  Initial 

Op 

0 

0 

1 

- -  -1760-  - 

-  ^  1720 

"  Pinal 

Op' 

1750 

1755 

1645 

"  Average 

OJ 

I6E2 

1689  — 

1645 

Sinter  Time 

min 

10  - 

—  - 15,-  -  • 

-  10 

Results 

Dimer's i»n  s 

Shrinkage  in  W'idth 

i 

nd 

nd  4.27 

1.09 

1.97 

"  "  Height 

i 

» 

"  5.12 

1.18 

1*97 

Thickness 

mm 

"  4.55 

4.88 

5*13 

Shrinkage  ^  5^  of  Compact 

n 

«  28.8 

23.2 

18.4 

Hotea  (l)  Description  of  Grids  Used,  ill  were  rolled  sintered  sheets 
of  thickness  and  calculated  porosity  indicated. 

S-371  3 ♦ 6x3*0” >  0.007”  thick  rectangular  cut 
S-372  3.6x3.0«,  0.012"  "  »  « 

S-447  3*35x2.75” I  0.020"  "  ,  657^  porosity,  rectangular  cut 

5- 448  "  ,  0.020"  "  43-/  "  "  n 

6- 462  "  ,  0,020"  "  435S  «  "  " 

perforated  with  3/3"  holes,  staggering  the 
centers  of  alternate  rows, 

(2)  Bend  test  applied  to  all  samples.  Broke  sqjaarely  and  no 
cohesion  "between  powder  and  presintered  thin  sheet  shown  in 
any  case. 
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Table  Ko.  V  Part  1 


Sintering  of  Light  Oarbonyl  Powder 
Effect  of  Sintering  Time  from  3  ^^o  15  minutes 


B3q)eriinent  No. 

S 

465 

466 

467 

468 

469 

470 

Date 

1947 

12/1--12/2  -  - 

- - - 

- - - 

-  r 

Record 

Vol.VIII 

97-99  ■ 

•  -  -  - 

-  -  -  -  ’ 

►  -  -  - 

Operator 

L.P.  &  W.W.O. 

Compact  Preparation 

Powder,  Type 

^  ♦ 

-P23~2 

-  - - 

- - 

„  - 

— 

Weight  Sintered 

e 

45.19 

45,4s 

n,d. 

44.85 

43.84 

45.30 

Appa  r  entLDen  sity 

g/cc 

"^,.06  ■ 

i,to6 

1*05 

l*o6 

Grid,  Type 

SxS  LA 

^ 

^  ^  ^ 

^  ^ 

^  - 

— 

Weight 

e 

14.56 

14.52 

i4.4o 

14.45 

13.23 

i4.50 

Porn 

3.6o'’x3.00"x0.250"  - 

- - 

- - 

- - 

BT/Cperimenbal  Conditions 

Temp.,  Initial 

1720  - 

«  ^ 

— 

^ 

-  -  -  - 

— 

”  Pinal 

lb35 

1625 

1620 

1620 

1630 

1635 

"  Average 

166s 

1665 

1655 

- - - 

1656 

Sinter  Time 

min* 

3 - 

- - 

4  -  -  . 

■  5  — 

Results 

Dimensions 

Shrinkage  in  Width 

i 

1.0 

1.31 

nd 

1.0 

1.42 

1.42 

»  *'  Height 

0.92 

1.18 

- 

0.92 

1.57 

1.44 

Thickness 

mm 

5.97 

5.92 

5.79 

5.79 

5.69 

5.69 

Shrinkage  ^  of  Compact 

b.O 

6.8 

80S 

8,8 

10.4 

10.4 

Ratio,  PormJ  Plate  Thickness 

1.063 

1.072 

1.098 

- - - 

1.117  ■ 

Plate  Area 

sq,e.in*, 

10.59 

10,53 

nd 

10.59 

10.47 

10.49 

Ca].culated  Results 

Plate  Vclume  sq.. 

.in. -mm* 

63.3 

62.4' 

nd 

61o31 

59.6 

59.6 

pore  Volume 

cc 

33.95 

33.35 

nd 

32,73 

31.86 

31.66 

of  Apparent  Sinter  Volume 

s6,5 

S6.4 

nd 

86.3 

S6.3 

85.8 

‘J}  of  Pinal  Plate  Volume 

83,1 

82.9 

nd 

82.8 

82.9 

82.3 

Unit  Pore  Volume,  cc/sq.,in-m©. 

0.536 

0.534 

nd 

0.534 

0.53^ 

0.53i* 

!'  Plate  Weight  g/ 

tt 

0.944 

0.962 

nd 

0.967 

0.96s 

1.129 

"  Grid  ”  g/ 

u 

0.230 

0.232 

nd 

0.236 

0.232' 

0.273 

"  Powder  "  g/ 

tl 

0.7i4 

0.730 

nd 

0.732 

0.736 

0.856 

JJoteo  (l)  Up  to  plate  No.  47.4|  plate  lugs  axe  3/S  inch  wide; 

from  474  to  490,  '»  ”  «  0.23  '»  " 
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Table  ITo,  V  Part  2 

Sintering  of  Light  Carbonyl  Powder 
Effect  of  Sintering  Time  from  3  to  15  mimrtes 

Experiment  Eo.  3  hyi  472  473  474  475  476  477 

2ate  1947  12/2-12/3 _ _ _ _ 

^®°crd  ;  Vol.VIII  pp.  IOQ-IO3  -  - - - - 

Operator  •  ’  L.P.  &  V.W.O. 

Compact  Preparation 

Powder, Type  P23-2  - - - - ^ 

Weight  Sintered  g  45.65  45.08  44.98  44.92  44.79  44.26  45.67 

^parent  Beasit-y  g/cc 1.05  I.05  I.05  I.05  1.04  1.07 
Grid,  Type  8x8  LA  -  -  - - -  -  4.  _  „ 

e  15.0  14.43  14,38  i4.86  14.87  14.87  14.92 

3.h0''x3.00''x0.25« - - - - 

Experimental  Conditions 

Temp,  Initial  op  1720 - - - I715 _ 

I  2'i^al  op  1635 - 1655  1645  1645  - - 1650  " 

Average  oj  lg4j - 

Sinter  Time  min.  6 - -.-7-^ - 8-r- _ q 

Eesults  ^ 

Diinensions 

Shrinkage  in  Width  ^  1.10  1.42  1,42  1.10  1,53  I.53  1.53 

"  «  Height  fo  1.05  1.57  1.57  1,31  1.97  1.97  1.97 

Thickness  ^  mm  5.64  5.56  5.46  5.46  5.3^  5.33  5.26 

Shrinkage  -  «/.  of  Compact  11.2  12.4  l4.0  l4.0  16.6  I6.0  17.2 

RaticrPorn;  Plate  Thickness  1.123  l.l4l  I.162  I.162  l.lQl  I.191  1,209 

Plate  Area  sq.in.  10. 56  10.47  10.47  10.54  10.42  -  . 

Calculated  Result s 

Plate  Volume  -  sq.in^mm.  59*^0  58^0  57^20  57^20  '15.6  1=15.5  54.8 
Pore  Volume  cc.  31. 52  30.77  30.11  30.33  29.05  29.11  28.47 

%  of  Apparent  Sinter  Vol.  85.6  85.4  85.2  85.4  S4.7  S4.9  S4.4 

^  of  Pinal  Plato  Vol.  81.9  21.9  81.6  81.8  81.0  Si. 2  SO. 6 

Unit  Pore  Volume, cc/sq.in-mm.  0.529  O.52S  O.526  O.527  O.523  0.524  O.520 

'  Plate  Weight  g/  «  I.019  1.021  1.037  I.03S  I.074  1.06S  I.105 

Powder  "  g/  «  0,2520.2480.2510.2580.2670.2670.272 

”  e/  "  0.767  0.773  0.786  0.780  0.S07  0.801  O.S33 
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>  TaMe  Ko.  -V  tart  3 


Sintering  of  Light  Carbonyl  Powder 
Bffect  of  Sintering  lime  from  3  to  I5  minutes 


jSxperiment  No* 

S 

478 

479 

4ao 

481 

482 

483 

484 

Date 

1947 

12/3  - 

- - -  . 

- 

— 

— 

- - - 

Eecord 

Vol. 

VIII 

103-106  - 

— 

- - 

- -  - 

^  ^ 

Operator 

L.  P. 

&  w.w.o, 

• - — 

^ 

Compact  Preparation 

Powder,  Type 

P23-2 

- -  - 

^  . 

- -  - 

- - -  , 

- - 

Weight  Sintered  —  . 

ir  - 

43.39 

^,-31 

45.11 

43,,7&_^U5„3.7- 

..45,  a6 . 

-  45,18. 

Apparent  density 

g/cc 

1,02 

1.06 

1.06 

1,02 

1,06 

1.06 

1.06 

Grid,  Type 

8x8  LA - - 

^  ^  - 

—  r- 

^ 

V/eight 

g 

14,S7 

15.04 

i4.78 

14.76 

14.76 

i4.72 

i4.82 

Porm 

3,60"x3.00"x0,25"  -  • 

^  ^  ^  ^ 

.  ^  , 

^ 

Experimental  Conditions 

Temp,  Initial, 

Op 

1715  - 

- - • 

-  ^  -T 

- - 

"  Pinal 

op 

1660 

1670-  • 

^  - 

loSO- 

16S5 

1695 

”  Average 

op 

1649 

1650 

1652 

1654 

1654 

1655 

1661 

Sinter  Time 

min. 

9 

10  -  • 

11  - 

- - 

12  - 

- - 

Eesults 

DimenBions 

Shrinkage  in  Width 

1,64  - 

»  r»  • 

^  ^  ^ 

— 

— 

1.53 

1.64 

«  «  Height 

I0 

2,10  - 

•  « 

^ - 

- 

^  - 

1.97  - 

- - 

Thickness 

5.21 

5,15“  -  - 

5.05 

5.O8 

5.05 

4.95 

Shrinkage-5&  of  Compact 

18,0 

18.8 

18.8 

20.4 

20,0 

20.4 

22.0 

Batio,  Perm:  Plate  Thickness 

1. 219 

1.230 

1.230 

1.257 

1.250 

1.257 

1.281 

Plate  Area 

sq..in  10,39 

- - 

- - 

- - 

.  - - 

10.42 

10, 4l 

Calculated  Results 

Plate  Volume  sq.* : 

iiwmm 

54.1 

53.5 

53.5 

52.5 

52,8 

52,6 

51.5 

Pore  Volume  1 

DC 

28,32 

27.  bS 

27,73 

27,22 

27,23 

27.14 

26.42 

^  of  Apparent  Sinter  Volume 

84.9 

84,1 

84.2 

84.4 

83. 8 

83.7 

83,4 

%  of  Pinal  Plate  Volume 

81,1 

80.2 

80.^ 

80.4 

79.9 

79.9 

79.4 

Pore  Volume,  cc/cq.tin-mm 

0.524 

0.518 

0.518 

0.519 

0.516 

0.516 

0.514 

^  Plate  Weigixt  g/  ** 

1.073 

1.127 

1.119 

1.115 

1.138 

l.l4o 

1,166 

”  Powder  g/  ” 

0,275 

0.281 

0.276 

0.281 

0.280 

0.280 

0.288 

«  Grid  "  g/  « 

0.203 

0.846 

0.843 

0,834 

0.858 

0.860 

0.877 

•52. 
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Tai)!©  Wo«  V  Part  4 
Sintering  of  Light  Carhonyl  Powder 
Effect  of  Sintering  lime  from  3  to  15  minutes 


Experiment  No. 

S 

435, 

486 

4S7 

4SS 

489 

490 

Date 

1547 

12/3-12/4  -  - 

V.*  ^  M 

•  ^  ..4.  » 

Record 

Vol.VIII 

pp,  107-9  -  - 

-  -4 

r*  -  - 

Operator 

L.  P. 

&  w.w.o 

M  *.4  „ 

.4 

Compact  Preparation 

Powder*  Type 

P23~2 

-  ^ 

^ 

..4  W  - 

r  ^  -r  — 

"  Weight  Sintered 

g 

44.10 

45.87 

11-5.44 

44.,  9  5 

-45.,4i 

45.70 

Apparent  Density 

g/cc 

1.06 

1.07 

1.06 

1.05 

1.06 

1.07 

Grid,  Type 

8xS  LA  - - 

.  -*  4-.  ..4 

^  - 

Weight 

S 

14,90 

14.69 

l4.Si 

14,75 

1^*79 

l4.8l 

Perm 

3.d0''x3.00"x0.25"  - 

—  ..4  « 

Experimental  Conditions 

Temp,  Initial 

Of 

1715  “ 

,  -  , 

-4 

M. 

”  Pinal 

op 

1695 

1705 

1700 

1700 

1710 

1705 

Avenago 

oy 

1660 

1670 

1660 

1662 

1665 

1660 

Sinter  Time 

min. 

13  -  - 

>  ^ 

i4  ~  - 

*  —  ^ 

15  -  - 

4 

Results 

Dimensions 

Shrinkage  in  Width 

1^75 

1.53 

1.97 

2,08 

lo75 

lcS6 

"  «  Height 

2c  3^ 

2„10 

2.49 

2,62 

2,49 

2.49 

Thickness 

mm 

4o93 

5»00 

4.9s 

4.83 

4,83 

'4..88 

Shrinkage-^  of  Compact 

22.4 

21.2 

21.6 

24,0 

24,0 

23,2 

Ratio,  Porm;  Plate  Thickness 

1*289 

1.270 

1.27^ 

1.316 

1.316 

1.302 

Plate  ^ea 

sq.,  in. 

10.36 

10.41 

10.32 

10.29 

10.34 

10.33 

Calculated  Results 

Plate  Volnine  sq,. 

,in,-mm. 

51.10 

52.10 

51. 4o 

49.70 

50.00 

50.50 

Pore  Volume 

CC 

26.24 

26.69 

26.31 

25.29 

25.39 

25.66 

of  Apparent  Sinter  Vol* 

S3.S 

83.4 

83,4 

82.9 

82.8 

82.9 

^  of  Pinal  Plate  Volume 

79*7 

79*6 

79*^ 

78.8 

73.7 

78.9 

Unit  Pore  Volume,  cc/ sq..  in-mm. 

0.51^ 

0.513 

0.512 

0.509 

O.508 

0.509 

”  Plato  Weight  g/ 

It 

1.154 

1.163 

1.171 

1,200 

1.204 

1.199 

"  Powder  "  g/ 

tt 

0.292 

0.282 

0.238 

0.296 

0.296 

0.293 

"  Grid  «  g/ 

ii 

0,s62 

0.881 

0.833 

0.904 

0,908 

0.906 
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a:al)le  Kp.  Yl 


Sintering;  Houtine  Prodnction  of  10.5  in.  Plates 


from  Light  Carhonyl  Powder,  P23“2 


Baperiment  Bo. 

S 

49s- 505 

506-512 

Date 

1947 

12/10 

12/11-12/12 

Record 

Vol. 

VIII  112-4 

VIII  116,  viis-9 

Operator 

L.E.  &  W.W.O.  - 

Compact  Preparation 

Powder,  Type 

P-23~2  -  - 

43.15 

Weight  Sintered 

S 

15.74  • 

Apparent  Density 

g/oc 

1.02-1.14 

1.13 

Crid,  Type 

SxS  Wide  Lug 

8x3  LA 

Weight 

e 

22.05 

15.57 

Porm,  3. 6x3.0,  Depth 

inch 

0.094 

0.250 

Experimental  Conditions 

Temp,  Initial 

Of 

1715  ^ 

1715 

»  Pinal 

Of 

1635-1675 

l64o-lb70 

Time  of  Sinter 

min 

10 

10 

Results 

Dimensions 

Shrinkage  in  Width 

fi 

1.10 

l.m 

"  ''  Height 

j, 

1.31 

1.97 

Thickness 

mm 

2.'0S-2.i6 

5,05-5.26 

Shrinkage-^  of  Compact 

9.6-12.8 

31,8-33.1- 

Ratio,  Eormj  Plate  Thickness 

1.103-1.145 

1.208-1,257 

Plate  Area 

so. in. 

10.55 

10,43 

Calculated  Results 

Plate  Volume 

Bq..in.-mm 

22.35 

53.71 

Pore  " 

cc 

10.16-10.79 

27.41 

%  of  Apparent  Sinter 

Vol. 

S4.4-S5.9 

83.0 

f)  of  Pinal  Plate 

ir . 

71.S-73.4  , 

79.0 

Unit  Pore  Yolxmo,  cc/sciain-iiim 

0.47 

0.51 

Plate  Weigh.t  g/ 

H 

1.693 

I.IS3 

"  Powder  "  g/ 

w 

0.705 

0,894 

'>  Grid  "  g/ 

n 

0.9SS 

0.289 

Kotes  (l)  plates  49S-505  were  provided  with  perforated  nickel  sheet 
grids  of  the  same  stock  as  used  in  the  early  eagperiraents. 
The  rectangT.aar  portion  was  3*'23/b4  x  2  3/^”  with  a  lug 
in  one  corner  1-1/2”  x  1“ 

(2)  Lugs  for  plates  506-3l2»  0.23  inch  wide 


Sintering  of  Light  Garhonyl  Hickel  Powder 
10.7  SQ,,  IE.  PLATSG  from  3  piece  Pornl 


See  la'ble  XIII,  15  for  Eote> 
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fa'Dle  Ho,  VIII 


Sintering  of  Light  Caroonyl  Hickel  Powder 


12,5  sq,.  in  Plates  from  3  piece  Jorm 


Experiment  Ho. 

PI4-2 

1 

3 

6 

2, 4, 5.7 

&-*9 

10-19 

20 

Date 

19^7 

9/25 

9/29 

10/1 

^ - - 

-10/2 

10/9-22  10/23 

Record 

Vbl.VIII 

2/10  • 

- - - 

- - 

- . 

— 

14-39 

40 

Operator 

P.S  - 

- - 

- - 

- - -  . 

Compact  Preparation 

Powder,  Type- 

P21-1 

-  ^ 

- - 

— 

P21-2  - 

... 

Weight  Sintered 

S 

42.55  42.09  ^l*d2  42.85 

4i.59  43.70 

44.69 

Grid,  Type  . 

8x8 

LA  -  - 

- - 

- -  . 

,  - - - 

Weight 

S 

18.5 

13.5 

IS. 5 

IS.5 

18.3 

18.4 

lSt4 

Form 

3  piece,  PI4- 

*2, Brx  3-27/ 64x3-53/  64x0. 25 

Scraper,  Depth 

inch 

0.190  0.205 

0.195  0.195 

0.200 

—  ^  w 

^  - 

Experimental  Conditions 

Temp,  Initial 

op 

1710 

1800 

1765 

-  ^  , 

-1810 

1810 

»  Pinal 

op 

— 

— 

1745 

1760 

”  Average 

op 

1637 

1712 

1667 

1679 

16SO 

1723 

Sinter  Time 

min 

10 

15 

12 

15 

13 

14 

IS 

Results 

Thickness 

mm 

5.64 

4.37 

4.72 

4.63 

4.52 

4.46 

4.14 

Si^lnkagc^/b  of  Compact 

11,2 

31.2- 

25.6 

26.8 

28.8 

30.8 

34.8 

Shrinkage  in  Width 

1.54 

2.17 

1.65 

1.91 

1.76 

1.86 

nd 

”  Height  ^ 

1.50 

2.19 

1,96 

2.16 

2.07 

2.24 

nd 

Ratio,  Form:  Plate  Thickness 

1.126 

1.454 

1.344  1.366 

1.4o4 

1.4i9 

1-535 

See  Table  XJII*  15  for  Hotes 


Sintering  of  Light  Carbonyl  ITickel  Powder 
l4  sq.  in.  Plates  from  3  piece  form 
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Ta^ble  Eo.  X 

Sintering  on  Light  Oarbonyl  Eickel  powder 
Tests  on  Grab  Samples  from  1000  lb.  lot 


Experiment  Eo.  Etl-3 

14'4 

i47 

i48 

i49 

150  . 

151 

Date  19^7 

11/10 

11/24  ■ 

- - 

- - 

— 

-  - 

Becord  Vol.VIII 

7S 

S3  -  - 

— 

- - 

.  ...  — , 

— 

Operator 

1.  p.  &  W.W.O 

* 

Compact  Pr^aration 

Powder  Type 

P23~l 

P23-t2 

P23-.5 

P23-6 

J’23-7 

P21~3 

Treatment  “  ' 

8>e  I*  • 

Grab  samples 

*-  • 

—200  - 

Weight  Sintered  g 

66.51 

64.71 

64.74 

57.44 

54.28 

51.51 

Apparent  Density-Scott  g/oc 

0.79 

0.S8 

0.88 

0.73 

0.70 

0.53 

App.  Density  in  Form  " 

l.l4 

1,12 

1.12 

0.99 

0.94 

0.89 

Grid,  Type 

8xS  LA 

- - - 

- ^ 

- - - 

- - 

W  eight  g 

10.3 

17.  l4 

17.50 

17.13 

17.53 

17.61 

Form 

3  piece  Pi4*3»  0.25  inch  cavity 

Ssperimental  Conditions 

Temp,  Initial  op 

IS15 

isoo  - 

V-  ...  r- 

- -  w  ^ 

.  ^  r- 

"  Pinal  op 

1790 

1750 

1770 

1760 

1755 

1765 

Sinter  Time  min 

15 

l4  ■ 

^  - - 

'  -  - 

- 

- - - 

Results 

Shrinkage  in  Width  ^ 

2,4s 

3.20 

3.52 

3.10 

2.90 

4.o4 

"  •’  Height  io 

1.S4 

3.07 

3.47 

2.97 

2.97 

4.09 

Thickness  mm 

4.72 

5.15 

4.92 

4.92 

4.90 

4,66 

Shrinkage"/^  of  Ocmpact 

25*6 

IS. 8 

22.4 

22.4 

£2.8 

26.4 

Ratio,  Perm:  Plate  Thickness 

1.343 

1.231 

1.288 

1.288 

1.296 

1.359 

Calculated  Results 

Plate  Volume  sq,,in.-'mm 

63.36 

70.76 

67.06 

67.09 

67.15 

62,30 

Pore  Volume  cc 

33.56 

35.76 

33.37 

34.40 

34.90 

32.12 

i>  of  Apparent  Sinter  Vol. 

81.0 

82.6 

81.6 

83.6 

84.7 

84.4 

^  of  Pinal  Plate  Volrane 

72.9^ 

79.1 

7S.0 

80. 5 

81,0 

80. 3 

Unit  Pore  Volume,  cc/sq..in-'mm 

0.526 

0.505 

0.497 

0.512 

0.519 

0.515 

"  Plate  Weight  g/sq,,in,~mm 

1.211 

1.153 

1.227 

1.111 

1.069 

1.110 

«  Grid  «'  g/  « 

0,163 

0.242 

0.261 

0.255 

0.261 

0.283 

"  Powder  "  g/  ” 

1.04S 

0.911 

0.966 

O.S56 

0.808 

0.827 

o 
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Taljle  Ko.  XII 


Sintering  of  Light  CarLonyl  Hichel  Powder 
Routine  Production  of  l4  sq..  in.  Plates  in  3  piece  Porm 


Sxperiment  Ho« 

PI-i-3 

163-1S2 

I83-202 

203-*?^ 

Date 

1947 

12/11-12/12 

12/I2r-12/18 

12/18 

Record 

Vol.VIII 

115-123 

123-129 

129-4;-: 

Operator 

L.  P.  &  Vf.W%0. 

Compact  Preparation 

Average 

High 

Low 

Average 

Avera£ 

Powder,  Type 

P23-2  unscreened  -  -  - 

^ 

— ^tfeight  Sintered- 

g  -  _ 

54., S4- 

59.SI 

51.02 

55.54 

52.27 

^parent  Density 

g/cc 

1.42 

Srid,  Type 

SxS  LA  ~ 

•  —  — 

- - - 

^  ^  ^ 

Weight 

e 

10.73 

18.86 

16.22 

16.66 

19.97 

Perm 

3  piece 

PM-3»  0.203  inch  cavity 

Bxpei'iment  Conditions 

Temp. ,  Initial 

Op 

1717 

1720 

1715 

1732 

1752 

“  Pinal 

op 

1629 

l64o 

1615 

1645 

1676 

•<  Average 

Op 

1G20 

1625 

1609 

1636 

1669 

Sinter  Tiiqe 

min. 

10  “  - 

- -  ^ 

.  - - 

_  _ 

Results 

Shrinlcage  in  Width 

$ 

2.42 

3.10 

1.65 

2,42 

1.69 

”  ”  Height 

I0 

2.4g 

3.1s 

1.85 

2.24 

1.75 

Thickness 

mm. 

4.57 

4.80 

4.34 

^.59 

4.61 

Shrinkaget  ^  of  Comi.)act 

11.37 

15.74 

•  6.89 

10.88 

10.67 

Ratio,  Porm;  Plate  Tidcloiess 

1.128 

1.072 

1.190 

1.125 

1.117 

Calculated  Results 

Pore  Volume 

cc 

32.19 

34.00 

30.56 

jy  of  Apparent  Sinter  Vol, 

23.5 

^  of  Pinal  Plate  Volnae 

73.  S 

Plate  Volimae  sq,.; 

.n-rnm 

63.75 

Unit  Pore  Volume,  cc/s( 

0.504 

Unit  Plate  Weight,g/sq.r in-^mm 

1.122 

"  Powder  " 

t} 

0,858 

"  Crid  « 

It 

0.2b4 

See  Table  XIII *  IS  for  Botes 


Appendix  (Contd, ) 


Table  Ko.  XIII 


Sotos  on  Tables  I-XII 


Greneral 


1.  Compact  Preparationo  All  S  esporiment  plates  were  made  in 
the  two  piece  form,  previously  described,  with  the  bottom  piece 
having  a  carity  3» 60x3*00  inches  and  provided  v;ith  a  lug  cavity 
at  one  corner.  The  depth  of  the  cavity  vras  either  l/S  or  l/4 
inch.  FM  plates  were  made  in  a  three  piece  mold,  for  which  a 
complete  description  will  be  given  in  the  annual  report,  with 
height  varying  as  indicated  in  the  table.  The  center  piece  is 
a  spacer  whose  thickness  can  be  variedt  thus  allowing  for  de¬ 
sired  changes  in  plate  thickness. 

Pov»'der  Type.  All  experiments  described  in  this  report  were 
made  on  light  carbonyl  powder.  The  powder  numbers  and  descrip¬ 
tions  will  be  found  in  Table  No.  1. 

3*  V^eight  Sintered.  The  weight  of  pov;-der  sintered  in  any  plate 
is  found  by  subtracting  the  grid  weight  from  the  final  plate 
weight.  The  latter  was  determined  after  suitable  trimming, 
especially  to  remove  the  powder  sintered  in  the  lug  cavity, 
thereby  permitting  calculations  on  the  basis  of  the  rectangular 
plate  with  rounded  corners, 

4.  Apparent  Density  under  the  heading  of  Compact  Frebaration 
applies  to  the  apparent  density  of  filling  the  form  cavity 
with  powder,  correctir.g  for  tho  volume  occupied  by  the  grid. 

The  true  volume  of  jiickel  powder  is  based  ou  a  density  of 
S,6  g  per  cc, 

5*  G-rid,  Type.  In  general,  the  use  of  the  SxS  mesh  nickel 
wire  cloth  grid  with  spot-welded  lug  has  been  adopted.  The  • 
grids  are  annealed  at  l7P0*^.f  for  10  minutes  in  the  sintering 
furnace  in  a  protective  gas  atmosphere.  Except,  where  noted, 
the  wire  cloth  is  made  from  0.028  inch  (dimeter)  wire.  For 
S  plates  tho  lug  width  has  been  increased  from  l/4  to  3/ 8  inch 
vldth  while  for  the  FM  plates  the  width  was  standardized  at 
3/S'  inch,  and  O.O31  inch  thickness.  The  standard  grids  are 
designated  as  8x8  LA. 
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Table  Ho»  XIII,  contd. 

Ibcperimental  Oorditions  All  plates  v;ere  made  in  the  Rockwell 
fiarnace  as  described,  using  a  protective  gas  atmosphere  of  dis¬ 
sociated  ammonia  at  a  flow  of  1,5  OM,  as  indicated  by  a  Rotameter 
Iflowmoter  calibrated  for  air  flow.  The  dissociator  is  operated 
at  1Y00°F  with  no  provisions  for  testing  gas  for  residual  oxygen, 
moisture,  etc. 

7.  Temperature  The  initial  temperature  (same  as  nomina.1,  previ¬ 
ously  reported)  is  the  furnace  temperature  prior  to  opening  the 
front  door  eind  inserting  the  sample.  To  obtain  a  more  uniform 
average  temperature,,  th¥  prbc'eduro  was  standardised  by  placing 
the  samule  into  the  fxirnace  one-half  minute  after  the  circuit 
brealcer  (for  the  heating  coils)  opens.  Readings  of  the  thermo¬ 
couple  in  the  gas  space  were  nade  at 't^ro  minute  intervals  and 
averaged,  It  v/as  noted  that  the  average  temperature  for  a  given 
series  increased  during  the  day;  the  furnace  temperature  was 
lowered  overnight  and  over  weekends. 

2.  Sintering  Time  refers  to  the  time  after  the  inserting  the 
form  into  the  furnace  to  the  time  it  is  pushed  from  the  high 
temperature  zone  into  the  cooling  chamber,  the  latter  generally 
requiring  about  20  minutes. 

9*  Results.  The  plates  are  examined  and  measured.  Shrinkages 
are  calculated  from  the  difference  between  the  measured  dimen¬ 
sions  and  the  specified  form  dimensions,  and  expressed  in  terms 
of  percentages  of  the  form  dimensions . 

Calculated  Results.  These  values  are  specifically  indicated 
so  that  it  v;ill  be  clear  at  a  later  date  when  it  is  proposed  to 
measure  these  values  quantitatively  by  suitable  experimental 
procedures, 

11,  Apparent  Sinter  Volume  represents  the  volume  found  by  sub¬ 
tracting  the  grid  volume  from  the  final  plate  volume.  This 
figure  is  important  in  expressing  the  porosity  for  comparative 
purposes  since  it  represents  the  actual  porosity  of  the  sintered 
powder.  It  is  obvious  that  the  porosity  of  any  plate  can  be 
varied  by  changing  the  g?id  weight  and  volume, 
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^8,1)16  Ho;  Xjll,.  contd, 

12.  Pore  Vol'ume,  Suotraoting  the  true  volume  of  the  nickel 
powder,  taken  at  a  density  of  S.6  g.  per  cc.,  from  the  apparent 
sinter  volme,  see  no  be  11  above,  gives  the  pore  volume  directly, 
Ihe  use  of  the  density  S.6  instead  of  the  reported  S,9  g,  per  cc. 

■  gives  a  slightly  lower  pore  volume  and  percentage  porosity.  Jhese 
two  values  represent  the  range  of  values  reported  for  nickel  metal. 
The  use  of  the  low  value  is  justified  on  the  basis  of  the  reported 
variations  of  density  with  various  liquids  related  tO'  the  wetting 
characteristics  of  the  liquid  used  for  the  determination.  On  the 
other  hand  it  is  conceivable  that  a  small  proportion  of  closed 
pores,  useless  for  impregnation  may  be  formed  in  the  operation, 

13.  Plate  yolume  has  been  expressed  in  terms  of  a  mixed  xmit, 
sq,  in~mra,  as  a  result  of  ejqprossing  area  in  sq.  in.  and  plate 
thickness  in  ram.,  both  convenient,  inasmuch  as  in  terms  of  this 
unit,  the  plate  weights  have  been  running  about  1  gram,  plus  or 
minus,  and  pore  vol-ume  about  0,5  oc,  plus  or  minus.  It  provides 
a  ready  comparison  for  plates  of  various  size  and  an  easy  figure 
for  use  in  design. 

14.  Plate  Storage.  Aside  from  keeping  the  plates  clean  and  un- 
contaainated,  and  cataloging  properly,  no  special  precautions  have 
been  taken  to  keep  in  a  dry  or  other  special  atmosphere  up  to  the 
time  that  the  plates  are  impregnated  with  active  mass. 

15.  Special  ITotes,  Tables  Mo.  YII—IX 

(iy  Beginning  with  3xpt.  lo.  4  in  each  cf  the  series  Itll,  PM2, 
and  Fh3,  the  lug  cavity  was  filled  v;ith  powder  to  prevent  movement 
of  the  grid  during  handling  of  the  form. 

(2)  For  the  three  piece  form  used,  the  cavity  was  filled  to 
O0OO25  inch  above  the  level  to  which  the  top  or  cover  plate 
descended  on  proper  fitting  of  the  cover  plate,  pegipnii^g  with 
Expt,  2  in  each  series,  the  form  with  the  green  compact  was  in¬ 
verted  after  assembly  apd  before  siit  ering. 
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15.  Coxit'd  (3)  Plate  ST''I3~3S  was  made  iip  with  powder  which  had 
been  dried  for  12  hours  at  110°C  in  an  Isotemp  oven,  cooled 
and  kept  in  a  desiccator  till  used, 

(4)  Prior  to  sintering  plate  PM3-53  the  protective  gas  atmosphere 
was  shut  off  and  was  inadvert^tly  left  off.  Apparently  the 
residioal  hydrogen  atmosphere  was  sufficient  to  prevent  oxidation 
of  the  nickel. 

(5)  Table  Uo.  IX, plates  12S,  129,  I30,  I3I,  132  and  I34  were 
made  up  with  SxS  mesh  grids,  the  wire  cloth  being  woven  from 
0.020  inch  dia.  wire.  The  pattern  of  spot-welding  the  wire 

^  cloth  v/as  selected  to  give  a  rigid  framework.  This  use  of 

lighter  wire  results  in  a  saving  of  375^  of  the  weight  of  nickel, 

16.  fecial  Notes,  Table  X 

Xl)  Sample  p23  represents  a  1000  lb,  lot  shipment  of  carbonyl 
nickel  pow'der,  received  in  four  steel  drums,  P23-1  was  the 
sample  shipped  by  the  manufacturer  and  stated  to  be  representar^ 
tive  of  the  entire  shipment,  P23-2,  p23-5>  P23-6,  P23-7  repre¬ 
sent  grab  samples  talcen  from  the  drums  for  comparative  purposes. 
The  differences  in  apparent  density  and  shrinkage  indicated  the 
need  for  careful  sampling,  P23-2  drum  (Pigure  2  indicates  manur- 
facturers’  drum  number)  was  quartered  by  means  of  a  Jones  riffle 
to  obtain  a  r^resentative  sample. 

17.  Special  Hotes,  Table  XI 

Xl)  Hew  spacers  were  provided  at  the  start  of  SM3-152  due 
to  wear  of  spacers  by  brass  powder  leveling  tool,  A  steel  cover 
plate  was  also  provided  at  this  point  to  reduce  or  eliminate 
this  wear, 

IS,  Special  Kot'es,  Table  XII 

ID  Beginning  v/ith  Hi3“203i  the  wire  cloth  grid  was  cut 
somewhat  larger,  that  is  3*5  x  3*5  iuchos,  than  used  in  the 
previous  runs  as  can  be  judged  by  the  grid  weights. 

(2)  Note  decrease  in  time  factor  to  lo  minutes 
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labls  Ho*  Xn 

Atmospheric  Impregnation  of  negative  Elates 
Effect  of  Time  from  1  to  6  hours  at  Boom  Temperature 
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44o 

429 

423 
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P~21  T  -  - 
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-  -  - 

^  . 

-  ^ 
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tf 
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.  ^ 

-  -  - 

Sinter  Temp. 

op 

1700  -  -  - 

-  ^ 

-i 

Thickness 

mm 

4.43 

4.43 

4.4i 

4.3s 

4.3s 

4.42 

Pore  Volume 

cc 

24.49 

24.50 

24.42 

24.54 

24.37 

24.65 

Volumei  sq,.  in  x  mm 

46, 60 

46.60 

46.30 

46.10 

46.10 

46. 50 

Impregnation*  Cycles. 

1 

1 

1 

1 

1 

1 

Solution 

Cd(H07)2  ■ 

- - 

-  —  —  f-. 

- -  , 

^ 
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Boom  iemp 

- » 

-  ^ 

^  - -  ^ 

Time 

Hr. 

1 

2 

3 

4 

5 

6 

Pressure 

Atmospheric  -  - 

-4  w  —  , 

««•  f* 

Aci  di  t  y-I  ni  t  i  el 

3 . 56g .  MO'z/  liter 

M  M* 

^  . 

-  ^  ^ 

— 

Cathodj.c  Polarization 

Current 

Amps 

21 

21 

21 

21 

21 

21 

Time 

Min. 

30 

33  , 

32, 

33 

34 

27 

Volts,  Initial 

1,70 

1.74 

l.bS 

1.63 

1.66 

1.72 

Pinal 

2.12 

1.96 

1.9s 

2.10 

2.16 

2.24 

Temp,  Initial 

OO 

109 

33 

103 

99 

105 

106 

V/ashing 

Hr. 

3 

3 

3 

3 

3 

3 

Prying 

Overnight 

-  -  r-  ^ 

- - *  ^ 

-  - - - 

- 

Eesults 

Gain  in  wt.  Total 

g. 

19.20 

19  <.07 

19.22 

7.o4 

17.9s 

17.31 

19,02 

Equivalent  Capacity 

A.E. 

7  <.03 

7.20 

6.59 

6,34 

6.96 

Unit  Guin 

(g  per  cc  Pore  Vol) 

0.7S4 

0.S02 

0.727 

0.734 

0.709 

0.771 
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Atmospheric  Impregnation  of  Positive  Plates 
Effect  of  Time  from  1  to  6  Hours  at  Boom  Temperature 
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— 
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If 
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,  ^  ^ 

-  - - 

Sinter  tenp 

Op 
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-  - - 

- - - 

~  ^ 
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m 
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4,44 

Pore  Volume 

c*c. 
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24.46 
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Volume,  sq^in  x  mm 

46.9 

46.70 

46.  SO 

46.70 

46.30 

46.70 

Impregnation,  Cycles 

1 

1 

1 

1 

1 

1 

Solution 

Hi (HO, >2  ' 

-  - - 

■  -  - 

-  - 

’  - 

- - 
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Room  Ten^ 

— 

— 

- 

-  -  -r-  - 

-  - 
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1  ^ 

2 

3 

5. 

6.  . 

Pressure 
Acidity-Initial 
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Current 
Time 

Volts I  Initial 
Pinal 

Temp,  Initial 
Washing 
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Gain  in  Wt.*rTptal 
Equivalent  Capacity 


Atmospheric  Pressure  -  -t 
3.51g,HNOyLiter - 


Mps 

i'lin. 


Hr. 


g* 

A  TT 


21 

30 

1.35 

1.71 

109 

3 


13.40 


21 

33 

1.70 

.1.S5 

99 

3 


21 

32 

1.39 

1.76 

103 

3 


21 

1.45 
1.05 
99  • 
3 


a 

2.04. 

105 

3 


-Dried  Overnight  - - — ■ 

'  13.69  l4.6g  13.07  l4. 


21 

27 

i.4o 

1^09 

106 
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Uable  llo.  XVIII 

Atmospheric  Impregnation  of  Positive  Plates 


Effect  of  Time  from  1  to  5  Days 
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Ko, 
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1 
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«  ^ 
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24 

24 

48 
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Atm. 

Atm., 

Atm. 
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• 
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Results 
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Awps. 

21 

21 

21 

21 

21 

21 

Hin, 

.  30 

30 

35 

35 

30 

30 

1.35 

1.85 

1*6 

1.6 

1.7 

1.7 

2.25 
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2.1 

2.1 

2.1 

2.1 

®0 

107 
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Hrs;  " 

3 

Overnight 

3 

■3 

3 

3 

3 

e* 

8,72 

6.60 

13.90 

14.52 

13^89 

8.10 

A.H. 
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1.91 

4.02 
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■4.02 

■  2.34 
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Note;  These  plates  are  all  2  nun.  thickness 
-Average  Pore  Volnme  (approx.)  11.6  cc 
See  Also  Item  4,  Table  XXXIV 


8-,  Ap-nendix  (cont..^)  . 


Table  Ho.  XX 


Atmospheric  Impregnation  of  Positive  Plates 


Multiple  Impregnations  of  h  mm'.  Plates 

Exneriment  Ho. 

Im 

151A 

1513  1510  151P  151S  15IP 

I5IG 

Date 

1947  . 

10/2 

10/3  10/3  10/3  10/6  10/6 

10/8 

Record 

Vol.VIl 

26 

27  28  29  30  31- 

32 

Plate  DeccriiDtioh 

S 

335 

3^  345  352  353  354 

355 

Poi^der 

P-21  - 

^ 

P-21 

Grid 

8  X  SL 

— 

8  X  8L 

Sinter  Temp. 

op 

1700 

1700 

■  Thickness 

mm 

4.29 

4.29  4.32  4.32  4.32  4.29 

4.27 

Pore  Volxune 

c.c. 

23.83 

23.80  23.98  23.91  24.02  23.83 

23.71 

Toltaie  sq,in  x  mm 

45.02 

45.02  45.40  45.40  45.40  45.02 

44.90 

Imnreenation.  Cycles 

Ho. 

1 

2.34  4  ■  4 

Solution 

Hi(H0^ 

\ - - - 

Hi(H03)2 

Conditions 

Room  '3 

lempera.ture - -  — - - - 

Era. Temp 

Time 

Hr.  . 

1 

11111 

5  min-. 

Pressure 

Atmospheric  -  - - 

5  mm  Hg  ■ 

Acidityr-Init  ial 

3~4  g. 

HITOo/liter - 

3‘^sIl 

Cathodic  Polarization 

Current 

AfOps 

21 

21  21  21  21  21 

21 

Time 

Min. 

36 

30  32  25  30  30 

32 

Volts,  Initial 

0.97 

0.99  1.00  1.16  0.95  1.01 

0.96 

I’irnl 

2.08 

2.04  2.08  2.04  2.06  2.07 

.2.12 

Temp,,  Initial 

°0 

.93 

93  93  93  '94  93 

•93 

Wa.shine; 

Hrs. 

3 

3  3  3  3  3 

3 

Prying 

Overnight  -  -  - - - - - 

Overnight 

Results 

Gain  in  v/t.-  Total 

g. 

8.93 

15.13  21.60  26.96  26,31  26.30 

28.90 

Equivalent  Capacity  A.H. 
Chpapity  Tqst 

2.58 

4,38  6.25  7.81  7.62  7.62 

8. -36 

Test  Cell 

Ho. 

•  —  121  —  G-2 

ITote:  151Gr  is  the..Va,cuum  Control 
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8*  Appendix  (eont.) 


TaMe  Ho.  JQCI 

Atmospheric  Impregnation  of  Positive  Plates. 

Multiple  Impregnations  of  2.  mm  Plates. 

Hrperiment  Ks  '  -Im  152A  15 2B  152C  152D  152B  1521’  152G  . 

Date  1947  10/2  10/3  10/3  10/3  10/6  10/6  10/8 

Record  Tci.VII  P26  2?  28  29  30  31  32 

Plate  Description  S  318  320  330  336  340  346  359 

Powder  P"21  -  - - - - -  -  p-21 

Grid  8xPL - - --8x81 

Sinter  Temp.  op  '  1700 - ' — - - •  1700 

Thickness  m.m.  2,26  ■  2.26  2,26  2.26  ,2.26  2.26  '2.24 

Pore  Volume  '  c.c.  11.85  11  .-79  11. 80  12.00.  11.91  11.97  11.77 

Voliirae  sq.'in  X  mm  .  23.78  23.78  23.78  23.78  23.78  23.78  23.60 

Impregnation.  Cycles  No.  1  .2  -3  '4.4  4  4 

Solution  ^(NO^^ - - - - -  Ni(N03>2 

Conditions  ’  Noom  Temp  ^ - - — - - Em,  Temp 

Time  Hrs.  ,1  1  1  _1  1  ■  1  ■  5  miu. 

Pressure  Atmospheric  - - - - - ~~5nffliHg' 

Acidity-^Initial  3~4g  HNO^/Liter  3'^g/L 

Cathodic  Polg^rlgatlon 

Current  Amps  21  21  21  21.  21  21  21 

Time  '  Min.  36  29  36  25  35  30  30 

Volts,  Initial  '  ’  1,10  1.12  I.05  1.21  0.99  1.31  1.01 

Pinal  2.26  2.08  2.14  2.25  2.28  2.19  2.l6 

Temp.,  Initial  ^0  95  93  9  2  92  93.  92  94 

Washing  Hrs.  3  3  3'  3'  3  3'  3 

Dryj-ng  Overnight  Overnight 

Ee  cults 

Gain  in  Wt  -  Total  g.  4.12  7.03  9.97  12.33  12.40  12.12  13.13 

Equivalent  Capacity  A.H.  1.19  2.03  2.89  3*58  3-59  3-51  3.80 

Oatiacitv  Test 

Test'  Cell  --  —  —  96  G-1 

Note:  152G  is  the  Vacui-un  Control 


2*  Appendix  (contd.) 


TaPle  Ko,  Xni 


Atmospheric  Impregnation  of  Positive  Plates 
Effect  of  Temperatnre  -  120°P 


aspepiment  No. 

•  Im 

153A 

1533 

1530 

1533 

153® 

153® 

Date 

1947 

11/ 14 

ll/l4 

ll/i4 

.  ii/l4 

11/ 14 

li/l4 

Record 

Vol.VII 

97 

9S 

99 

100 

101 

102 

Plate  Description 

S 

4ig 

420 

421 

436 

437 

442 

Powder 

Type 

P-21  - 

^  ^  ^  - 

- - - 

- 

Grid  '  ~ 

"*f 

gxSli  -  - 

-  ^ 

- - 

Sinter  lemp. 

Op  . 

170.0-  - 

^  ^  ^  - 

- - 

^ 

thickness 

mm 

4.47 

4.50 

4,50 

4.4g 

4.49 

4.50 

Pore  Volume 

c*  C  f 

24. 62  ■ 

24.91 

24.95 

24.64 

24.  S3 

24.6s 

Volume  sq.in  x  mm. 

47.00 

^7.30: 

47.30 

47.10 

47.20 

47.30 

Impregnation  Cycles 

1 

1 

1 

1 

1 

1 

Solution 

Ni (103)2 

- - - 

. 

- 

^  — 

Conditions 

Constat 

Temp.  - 

1200P 

^  . 

..  r-  —  - 

. 

Time 

Hr. 

1 

2 

3 

4 

5 

6 

Pressure 

Atmospheric  ■ 

-  «  ^  . 

.... 

Acidity-Initial 

3-4g.  HNO^ /liter 

.r-  -  - 

.  —  —  ^ 

Cathodic  Polarization 

Current 

Aiips. 

21  . 

21 

21 

21 

.21 

21 

Timo 

Min. 

30 

34 

30 

35 

30^ 

Volts,  Initial 

1.59 

1.63 

1.61 

1.59 

1.50 

1.6s 

Pinal 

1.91 

1.99. 

2.03  . 

2.o4 

1.96 

2.06 

Tejap,  Initial 

OQ 

92 

113 

9S 

107 

lOS 

101 

Washing 

Hr, 

3 

3  , 

»  ^  - 

3 

3 

3 

3 

Drying 

Overnight 

.  ^  ^  - 

- - - 

Results 

Gain- in  Wt-Total 

g. 

11.  SO 

12.69 

12.32 

11.71 

10.77 

10.95 

Equivalent  Capacity 

A.H.,  . 

.3.^1  ■ 

3.67. 

3.56 

3.59 

3.U 

3.17 
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8,  Appendix  (contd, ) 


Tatile  Jilo,  jQCIJI 

Atmospheric  Inpregnation  of  Negative  Elates 
Effect  of  Time  from  1  to  6  hrs.  at  12003’ 


Experiment  Ko, 

Im 

154a 

154b 

154c 

154d 

154;^ 

i5hP 

Date 

1947 

11/ 14 

11/ 14 

11/ 14 

11/ 14 

11/ 14 

ii/ih 

Record 

Vol.VII 

97 

98 

99 

100 

101 

102 

iplate  Description 

s 

3SS 

395 

397 

426 

430 

439 

Powder  ^  - 

Type 

P-21  -r  -  . 

-■-r-  -  - 

-  -r  - 

-  -  T-  ^ 

-  -  - 

- - 

Grid 

It 

SxSL  -  -  ■ 

- - 

^ 

«  V.  ^ 

« 

Sinter  Temp. 

Op 

1700  -  -  • 

-  - - 

r-  -  - 

— 

- - 

^  — 

Thickness 

mm 

4.33 

4.30 

4.32 

■4.32 

4.32 

4.31 

pore  Voltime 

cc 

24.04 

33.  SI 

23.92 

23.70 

23.91 

23.69 

Volume  sq,.in.xmm 

45.50 

45.20 

45. 4o 

45.  ho 

45.  ho 

45.3G 

Impregnation;,  Cycles 

1 

1 

1 

1 

1 

1 

Solution 

OdCNO-z)?  • 

-  ^ 

^ 

^  ^ 

Conditions 

Constant  Temp.  - 

120Op 

- - - 

Time 

Hr. 

1 

2 

3 

4 

5 

6 

Pressure 

Atmospheric  -  -  ■ 

-  -r  -**■  f 

„  _  , —  , 

,  — 

Acidity,  Initial 

3-4-g.  HLIOT/liter 

— 

^  ,  — 

- - 

— 

Cathodic  Polarisation 

Current 

Amps, 

21 

2l 

21 

21 

21 

21 

Time 

Min. 

30 

34 

30^ 

35 

30. 

Volts,  Initial 

1.6b 

1.57 

1.64 

1.69  • 

1.81 

1.68 

Pinal 

2.10 

2.09 

2.13 

2,22 

2.39 

2.18 

Temp,  Initial 

Oq 

92 

113 

98 

107 

108 

101 

Washing 

Hr. 

3 

3 

3 

3' 

3 

3 

Drja.ng 

Overnight 

^  - 

— 

Resul.ts 

Gain  in  Wt.T-Total 

g. 

14,94 

15*72 

15.52 

15.46 

15.56 

16.35 

Equi  alent  Capacity 

a.h, 

5.47 

5.76 

5.69 

5.66 

5.70 

5.9s 

Unit  Gain 

g  per  cc  Pore 

Vol 

0.622 

0.660 

0.650 

0.652 

0.652 

0.690 
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TalJle  Ho,  XXIV 

Vac'U'um  laipregnation  of  negative  Plates 
a|-3  Plaques  from  1000  It.  Ba,tch.  of  Powder 
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Aripendix  (cont,) 


laole  llo.  in' 

Vacuum  Impregnation  of  Positive  Plates 
PM~3  Plaques  from  1000  lb  batch  of  Powder 


Bxperiment  Ho. 

23at  e 
Record 

Plate  Descri-ption 
Powder 
G-rid 

Sinter  Temp. 
Thickness 
Pore  Volume 
Volume,  sq.in.x  mm 
Imuregnat i c  n .  Cycle  a 
Solution 
Conditions 
Time 

Pressure 
Acidity-Initial 
Cathodic  Polarization 


IM 

157A 

157B 

157c 

1947  • 

12/15  ' 

12/15 

12/15 

Vol.  IX 

46 

46 

46 

PMr.3 

169 

170 

171 

Type 

P-23~2 

- - - 

^  , 

Type 

8  m  8L 

~  ^ 

w  ^  , 

1715  -  ^ 

— .  —  _ 

^  ^  . 

m,m, 
c.  c. 

Ho. 


Min. 


A-. 50 
31.53 
62.10 
4 


4.?4 

32.66 

65.30 

4 


Hi  (HO  >2 - 

Room  Tempex'ature 

5  5 

5-8  mm  Hg.  — ^  r- 
3"4  g  HHO^ /Liter 


,  157D  157B 

12/15  12/15  12/15 

'46  46 

172  173 


4.67  4.52  4.57 

32.39  32.54  31.98 

64.50  63.80  63.6c 

444 


5 


Current 

Amps 

28 

28 

28 

28 

28 

Time 

Min. 

25-30  -  r- 

Volts,  Initial 

1.20 

1.20 

1.20 

1.20 

1.20 

Pinal 

2.10 

2.10 

2.10 

2.10 

2.10 

Temp,  Initial 

106 

106 

106 

106 

106 

Washing 

Hrs, 

3 

3 

3 

3 

3 

Bsyisg. 

Overnight 

Results 

Cain  in  Wt  -  Total 

g. 

36.04 

38.85 

38,53 

36.76 

38.26 

Equivalent  Capacity 

A.E. 

10,40 

11.20 

11.10 

10.60 

11.10 

78. 


ATOendix  (coixt.) 


TaMe  ITo.  XXVI 

Vacuum  Impregnation  of  Plates 
positive  and  Negative  S  Plates 


Expt 

No 

Im 

Plate  Nos  Plate  Cycles  of  Average  G-ain 

S  Thick  Impregnation  in  Ncight 

mm.  . .  _  No _  _  Total  g 

Imnreenation  to  Produce  Positive  Plates 

Theoretical 
Capacity  -  AoH. 
Av*  Max,  Min* 

165 

399,401,402, 

404,414 

2 

3 

.  9.52 

2.75  2.96 

2.33 

166 

342,390,396, 

398,408 

4 

3 

22.11 

6.40  6.76 

6.21 

167 

400,394,384, 

385,386 

2 

4 

12.94 

3.76  3.79 

3.63 

168 

343,351.434 

435.369 

4 

4 

27.99' 

8,09  8.92 

7.67 

Impregnation  to  Produce  Negative  Plates 


169 

337,338,347 

356,358 

2 

3 

15.82 

5.80 

5.95  5.78 

170 

409,427,428 

431,433 

4 

3 

38,83 

14.15 

14.53  13.21 

171 

317,326,327 

328,329 

2 

.  4  ' 

19,35 

7.08 

7,42  6.95 

172 

410,415,416 

417,419 

4 

4 

45.36 

16.56  17.78  15. 81 

Notes 

(1)  Record  Vol 

VII,  pp. 

103«6; 

;  11/17-11/20  (1947) 

(2)  All  impregnations  and  polarizations,  including  vrashing 
and  drying  under  usual  standard  conditions  for 
vacuTim  impregnation, 


TaWe  ITo,  XXVII 

Vacuum  Impregnation  of  Positive  Plates 
Effect  of  Sintering  Time  for  Plaques 
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8»  ApTjendix  (cent,) 


Tal)le  Ho*  mill 


Vacum  Impregnation  of  Positive  Plates 
M~2,  and  Plaques, 


Expt 

Ho 

II4 

Plate 

Type 

Description 
Plate  H.  s 

Number 

of 

Plates 

Average  G-ain  Theoretical 
in  vreight  Capacity  —  A.H. 

Total  g.  Average  IlLn.. 

162 

IM-1 

3~21 

18 

29.57 

8.55  9.01  8.11 

163  . 

El<-2 

2~19 

18 

33.99 

9.83  10,74  8.70 

164 

IIi-3 

3-114 

104 

37.81 

.  10.91  12.44  9o06 

164 

u 

♦ 

10 

39.99 

11.56  11.93  11.22 

164 

II 

5  ^ 

31.84 

9.23  9.41  8.78 

Notes  (l)  por  description  of  plates,  see  Tables  VII,  VIII, 
and  IX. 

(2)  All  plates  v/ere  impregnated  for  5  minutes  in  vacuum 
in  nickel  nitrate  solution  at  room  temperature. 

Tbe  cycle  was  repeated  four  times,  except  as  noted 
below.  Cathodic  polarisation  was  under  the  usual 
conditions  with  the  25!^  XOK  solution  heated  to  an 
initial  temperature  of  9O-IOOOO.  Current  density 
averaged  1  amp.  per  sq.  in,,  counting  both  sides 

of  the  plate.  All  plates  were  v/ashed  in  cold 
running  water  for  3  hours  and  dried  overnight, 

(3)  Beginning  with  th-e  BI-2  plates,  the  5  cell  electrolysis 
apparatus  vreis  used  and  the  number  of  plates  impregnated 
in  one  step  was  increased  to  five. 

(4)  Record,  Vol.  VII  38-^86,  IX  4-6. 

"“These  plates  impregnated  five  times. 

«  V  «  three  times  only. 
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Gain  in  ¥t. -Total  g.  14=18  l4.50  12o91  19. 63  21=86  13.13  19.3: 

Squivalent  Capacity  A.E.  4=09  4*34  3.73  7,19  6,02  3. SO  7.08 


8«  A-pnendix  (cojat.) 


Table  Ho.  XXX 


Tacmwi  In^iregnation  of  Porous  G-rapMte  Plates 


Baqjeriment  Ho. 

Im 

161A 

I6IB 

1610 

16ID 

16]J! 

I6IP 

Date 

1947 

12/29 

— 

- - 

“ - ■■ 

- - - 

..  - - 

Record 

Vol.IX 

49“50  - 

— 

- -  ^ 

- - - 

-  - - - 

- - 

Operator 

R.R.  “ 

- -  ^ 

^  ^  « 

— 

— 

— 

Plate  Descriiation 

Ho 

A“12«1 

50-1 

40-1 

D-30-1  D-12-1 

E-20-: 

-- 

national  Carbon  Co  porous  graphite 

plates, 

machined  to  size,  4  x.3  0.25 

inches 

from  standard 

stock. 

Pore  DiaHeter 

micron 

33 

48 

69 

99 

140 

140 

Pore  Volume  * 

cc 

24.51 

24.96 

25.66 

26.00 

26,96 

26,96 

Designated  Grade 

Ho 

60 

50 

40 

30 

20 

20 

Iiii'Drefirnat ion.  Cycles 

Ho 

- 

- - - 

- - 

-  - - 

-  -  - 

Solution 

111  ITitr, 

ate . 

- -  - 

- - 

- - 

Conditions 

Room  Temperature,.  6  - 

'  9  Him  Hg  Pressure 

Tijne 

Kin 

5  — 

- - 

- r- 

•  -  -T  -  ? 

-  - - 

- - 

Acidity 

3  -  4  g 

BHOo  per  L  ^ 

- - 

- - 

- - 

Cathodic  Polarization 

Current 

amps. 

24  -  -  ■ 

-  - - 

- 

- - 

Time 

min 

30  — 

-  -  -  - 

- .  - 

- 

- - - 

-  -  - 

Volts,  Initial 

1.7  -  r- 

^  ^ 

-  -  - 

- - 

- - 

Pinal 

2.2-  r.  . 

- - - 

^ 

-  -  - 

^ 

Temp.,  Initial 

oo 

106  -  - 

- - 

■ - - 

- - 

— 

V^nshing 

hrs 

3  - 

- - 

■ 

^  — 

Drying 

Overnight  -  -  • 

-  r-  - 

‘  • 

- 

Results 

Gain  in  Height 

6.27 

6.03 

1st  Impyegnation 

g 

7.10 

5.78 

5.5^ 

5.03 

2nd  ” 

g 

5.97 

7.81 

5.78 

4.99 

5.07 

4.91 

3rd 

g 

3.38 

6.83 

7.67 

6.26 

4.89 

5.06 

4th  »' 

g 

1.58 

7.49 

4.82 

5^31 

6.12 

4.55 

Total 

Unit  gain 

g 

18.03 

28.40 

24.05 

22.10 

22.11 

19.55 

g  per  cc  of  Pores 

0.736 

1.138 

0,938 

0.851 

0.820 

0,727 

^  by  volume 

'■  - 

18.2 

27.7 

23.1 

20.7 

20.0 

17.8 

Note  *  Calculated, 

assTiming  density  of  graphite  to 

be  2,20 

8,  Ap-pendi;!:  (obnt.) 


Te'hle  No»  XXXX 


Atmospheric  Impregnation  of  Positive  Plates 


Ijffoct  of  Immersion  for  1  and  2  da7s 


ExDeriment  No 

Im 

i6oa 

16OR 

Bate 

19^7 

12/17 

12/17 

Record 

Vol. 

IX  50 

50 

Plate  Descrintion 

Bi-3 

165 

166 

Powder 

Type 

P-23~2 

P-23-2 

Grid 

u 

8  X  8L 

8  X  8L 

Sinter  Temp,. 

op 

1715 

1715 

Thickness 

mm 

^.47 

4.50 

Pore  Volume 

cc 

31.90 

31.85 

Volume  s(i.in,x  mm 

62.60 

62.70 

Impreenation.  Oycles. 

Ho. 

1 

1 

Solution 

Hi (103)2 
Room  Tempi 

Hi(H03)2 

Conditions 

srature 

-Time 

Hr. 

24 

24 

Pressure 

Atmospheric 

Acidity-lnit ial 

3~4g/HH03  /l 

Qathodic  Polarisation 
Current 

Amps 

28 

28 

Time 

Min. 

30 

30 

Volts,  Initial 

1.85 

1.85 

Pinal 

2,10 

2.10 

Temp.,  Initial 

®C 

103 

103 

Washing 

Hrs. 

3 

3 

Drying 

Results 

Gain  in  Wt  -•  Total 

Overnight 

22.25 

22.58 

Equivalent  Capacity 

A.H. 

6.44 

6.53 

1600 

160D 

12/18 

12/1.8 

50 

50 

167 

168 

P-23-2 

P-23"2 

8  X  8L 

8  X  8L 

1715 

1715 

4.42 

4.34 

31,28 

30,56 

61,70 

60.50 

1 

1  - 

171(1103)2 

Hi  (1103)2 

Eoom  Temperatiire 

48 

48 

Atmospheric 

3'“4g  HL7O3 

/!■ 

28 

28 

25 

25 

1,90 

1.90 

2.10 

2,10 

104 

104 

3  , 

Ovei’night 

3 

20.43 

25.85 

5.91 

7.48 

8.  Appendix  (cent.) 


latle  3SIo.  XXJJI 
Prying  of  Positive  Plates 
Variation  v;itla  Cycles  of  lEpregnation 


Plate 

Impregnation 

Cycle 

Water 

Ni(0H)2 

Pore  Voltune 

No. 

Pata 

No. 

Retained 

Vol 

Pound 

Calc^d 

(g)or(cc) 

c«c« 

c.c . 

C.C* 

ri'i-3 

(Note  #1) 

(Note  #2); 

(Note  #3) 

169 

5  Min.Vac,Pos,4x 

1 

27.0 

2.82 

29.82 

31.52 

2 

24.2 

5.15 

29.35 

31.52 

3 

22.9 

7.63 

30.53 

31.52 

4 

20.2 

8.80 

29.00 

31.52 

170 

II 

1 

27-9 

3.11  ■ 

31.01 

32.66 

2 

25.8 

5.58  . 

31.38 

32.66 

3 

23.4 

8.13 

31.53 

32.66 

4 

21o4 

9.48 

30.88 

32.66 

171 

1 

27.4 

2»99 

30.39 

32.39 

2 

24.8 

5o50 

30.30 

32.39 

3 

24.2 

7.88 

32.08 

32.39 

4 

20.8 

9.40 

30.20 

32.39 

172 

n 

1 

26.9 

2.88 

29.78 

‘32.54 

2 

24.8 

5.25 

30.05 

32.54 

3 

22-6 

7.68 

30.28 

32.54 

4 

20.3 

8.96 

29.26 

32.54 

173 

It 

1 

26.6 

2.98 

29.58 

31.98 

2 

25.2 

5.38 

30,56 

31.98 

3 

23.5 

7. 80 

31.30 

31.98 

4 

20.8 

9.3^ 

30,14 

31.98 

Note  #1  Pifference  in  weight  of  plate  upon  removal  from  v;ashing 
process,  and  upon  removal  fpom  drying  cabinet. 

Note  #2  Calculated  from  net  gain  in  i/eight  of  plate,  iising 
density  of  NiCOE)^  as  4,10  g/oc. 

Note  #3  Sum  of  columns  1  end  2. 
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Taole  lo,  miltl 
Drying  of  Negative  Plates 
Variation  with  Cycles  of  Impregnation 


Plate 

Impregnation 

Cycle, 

Water 

Hi (OH) 2 

Pore  Volume 

lo. 

Data 

Ho, 

Detained 

Tol 

Pound 

Oalc«d 

(g)or(cc) 

c.c. 

C  c  c  • 

c.c. 

M3 

5  MineV'acr*Ue|^x 

(Hpte  #1) 

(Hote  #2) 

(Hote  #3) 

174 

1 

26.7 

3.29 

30*59 

32.07 

2 

23,6 

7.52 

31..12 

32.07 

3 

19.  S 

10 .47 

30.27 

32,07 

4 

16. -,4 

12. 64 

29.04 

32.07 

175 

tt 

1 

27.3 

3.7b  , 

31. 06 

31.91 

2 

23.1 

7.33  ' 

30.43 

31.91 

3 

19.5 

10.37 

29.87 

31,91 

4 

15^5 

12.63 

2S.15 

51.91 

176 

1! 

1 

26,7 

3.83 

30.53 

32,22 

2 

23.2 

7.49 

31.29 

32.22 

3 

19.8 

10,63 

30.43 

32,22 

4 

16.2 

12.3s 

2S,5S 

32.2?. 

177 

n 

1 

27,8 

3»89 

31.69 

32,90 

2 

25,9 

7,63 

31.53 

32,90 

3 

20.0 

10.  so 

30.  SO 

32.90 

4 

16.9 

12.22 

29.12 

32.90 

173 

M 

1 

27.0 

3.53 

30.53 

31.83 

2 

23.5 

7,05 

30.55 

31.  S3 

3 

19,6 

10.11 

29.71 

31.83 

4 

16. S 

11.64 

2S.44 

31.  S3 

Hoto  #1  Difference  in  weight  of  plate  upon  removal  from  washing 
process,  and  upon  removal  from  drying  ca'oinet. 

Note  v2  Calculated  from  net-gain  in  weight  of  plate,  using 
density  of  Od(OH)g  as  4,79  s/CfO. 

Note  fy  Sum  of  columns  1  and  2» 
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8,  A-pnendlx  (Oonts.) 


TalDle  Ko.  XXXIV 


Notes  to  Tables  XIV  to  XXXIII  oa.  Impregnation. 

Atmospheric  Impregnation.  The  in^jregnation  prpcess  covers  the  steps 
of  immersing  a  pla-que  in  a  nickel  or  cadmina  salt  solution,  cathodic 
polarization,  in  caustic  solution,  washing  and  drying.  These  steps  con- 
stitute  a  cycle  of  the  impregnation  process  \.'hich  introduces  nickalous 
or  cadmium  hydroxide  into  the  plaque.  The  atmosioheric  ir-^regnation  refers 
to  the  immersion  of  the  plaque  in  a  nickel  or  cadmium  salt  solution  and 
madntaining  it  in  the  solution  for  n  specified  period.  In  the  vacuum 
process,  on  the  other  hand,  the  placue  is  first  placed  in  a  suitable 
vacuum  vessel,  the  system  is  evacuated  to  bout  5  or  6  mm.  Hg  j)ressurfc, 
end  the  nickel  or  cadmium  salt  solution  is  introduced.  The  system  is 
maintained  at  the  vapor  pressure  of  the  solution  for  the  desired  period. 
The  vodtane  of  solution  for  the  atmospheric  impregnations  varied  from- 
0.5  to  X  liter  in  comparison  to  a  volume  of  1.5  liters  in  the  vacuum 
in^  regnat ions. 

2*  Electrolysis  Apparatus .  To  permit  a,  speeding  of  the  experiments 
on  impregnation,  a  new  apparatus  v/as  set  up  permitting  the  simultaneous 
electrolysis  of  five  plates  in  one  operation.  The  apparatus  consisted,  of 
five  nickel  cans  connected  in  series  v/ith  the  source  of  d.c.  current. 

The  cans  v/ere  set  into  a  suitable  supporting  tray,  vmich  v;as  placed  next 
to  a  nickel  can  in  v;hich  the  caustic  electrolyte  could  be  heated  to  the 
desired  ten^jerature  and  which  could  he  tilted  to  fill  the  five  electrol.ysis 
cans  simultaneously.  The  procedure  \/as  to  transfer  the  pla,tes  from  the 
iEjpregnation  a,pparatus  to  the  individual  nickel  cans  as  quickly  as  pos*" 
sible,  malcing  the  electrical  connections,  ^d  then  filling  with  electrolyte 
from  the  tilting  reservoir.  This  unit  v/as  put  into  operation  on  October 
23rd,  end  a  second  unit  added  t;hen  the  first  one  v/as  fo\md  to  be  convenient 
and  satisfactory  for  this  process. 

3*  Plagues .  AH  plagues  used  in  the  experiments  reported  herein,  were 
made  from  light  carbonyl  nickel  powder  as  described  in  the  Discussion 
under  Sintering,  except  for  those  in  Table  No,  XXX  which  were  porous 
graphite  plaques  obtained  from  National  Carbon  Co. 
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8.  A-p-pendlx  (Gontd.)  Table  XXXfy  (contd.  ) 


4.  Iinpregnation  at  Constant  Acidity.  Table  XIX.  Expt  Im  149.  Ibe  amotm 
of  acid  consmed  during  the  impregne,tion  process  vre.s  estimated  from  a 
trial  curve  showing  the  change  in  acid  content  \dth  time.  For  this  ex¬ 
periment,  five  plates  were  immersed  in  the  nickel  nitrate  solution  in  the 
bcni/l  of  a  desiccator,  provided  with  an  agitator,  and  a  nickel  nitrate- 
nitric  acid  solution  containing  100  g  HNO3  per  liter  added  from  a  burette 
Since  the  trial  curve  shov/ed  a  greater  rate  of  consumption  during  the 
initial  portion  of  the  immersion  followed  by  a  slow  consumption  and  then 
by  a  second  period  of  increased  consuription,  the  schedule,  of  adding  the 
acid  nickel  nitrate  solution  v/as  ma.de  as  folloxrsi 

.luring  1st  10  minutes  25  al 

”  middle  40  minutes  25  ” 

"  last  10  minutes  22.4  ml. 

This  experiment  shov;ed  an  increase  in  acidity  over  the  average  initial 
acidity.  In  E:5cperiment  IM  I50,  the  acid  nickel  nitrate -solution  v;as 
added  at  a  steady  rate  of  about  1  ml  per  minute.  Acidity  v/as  checked  at 
ten  minute  intervals.  ■ 


-ea- 
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TaUe  lo,  XIXV 

Test  of  Cells  with  Pocket  Tyxje  Positive  and  Hegative  Plates 


Test 

Rated  Capacity 

Bleotrolyte 

Cycl es 

Capacity 

Cell 

Positive 

Negative 

Standard 

A 

•tl.  »  1  !  V 

No, 

AoH, 

A,H, 

K0H,d  1.20, Plus 

No 

Average  High 

liOW" 

I 

87 

2 

g 

K2SC4  (satd) 

22 

2.27 

2,67 

1,23 

gs 

4 

4 

17 « 5  g/4 

22 

4,4? 

5.4i 

3.67 

89 

2 

8 

KCl 

22 

2,27 

2.67 

1,S3 

90 

4 

4 

15.0  g/L 

22 

4,38 

5c  25 

3.5s 

91 

2 

g. 

K2CP3 

22 

2,27 

2.67 

1,83 

92 

4 

4 

l4.o  g/l 

22 

4.01 

5,00 

3.17 

93 

4 

4 

Standard 

29 

4.42 

^.57 

3.67 

110 

g 

4 

Standard 

29 

6,03 

7.17 

3. S3 

123 

g 

g 

Standard 

g 

7,,  46 

8,33 

6,08 

106 

g 

4 

H 

20 

6,03 

7.25 

4,25 

!t 

II 

11 

11 

*36 

5^64 

7.25 

4c  25 

107 

2 

l6 

n 

20 

2,31 

2.67 

1,83 

u 

II 

n 

ft 

*36 

2.18 

2,67 

1.75 

Note  *  incliides  first  20  cycles,  immediately  atove. 
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TalDXe  Ho=  JCKVI 


Test  Cells  of  Vacuum  Impregnated  Positive  514-3  Plates 


Test  Cell  Ho  T 

Im-oregnation  Data 
Table  Ho 

Experiment  Ho  Im 

Plate  Ho  III— 3 

Plate  Thiclmess  ram 

Conditions 


G-ain  in 

Height 

s 

Theoretical  Capacity  A.H, 

lest  Cell 

Assembly 

Pocket 

Rated  Capacity 

A*  Kf 

Testing  Results 

Charerins 

Cycle  Ho  Date 

Ourrent 

Duratii 

1947 

Amps 

Irrs 

'1 

11/5-11/7 

1 

39 

2 

ll/7~ll/l2 

1 

19 

3 

11/12-11/13 

2 

15 

4 

11/13-11/14 

2 

15 

5 

11/14-11/17 

0.5 

63 

6 

11/17-11/18 

1.5-2 

8.5 

7 

11/19 

2 

7 

8 

11/20 

2 

7 

9 

11/21 

u 

u 

10 

11/24 

u 

» 

11 

11/26 

u 

u 

12 

12/3 

u 

13 

12/4 

u 

u 

14 

12/5 

v 

\i 

15 

12/9 

1.5 

M 

16 

12/10 

u 

U 

17 

12/12 

2 

u 

98  99  125 

XXVIII - - 

164 - 

22  23  24 

4*50  4.34  4.37 

38*84  36.89  37.24 
11.23  10*6?  10.77 


^gatives 

9.2  8  16 

.  ^Elapsed,  Discharge  Capacity 


Input 

Time 

Current 

to  1. 

0 

0 

A.H. 

Ers. 

Amps 

A.H. 

A.H.. 

A.H, 

39 

0 

2-2.5 

9.61 

8.52 

8.75 

19 

96 

2 

8.86 

8.12 

8.62 

30 

2.5 

3 

9.69 

8.59 

9.0 

30 

5 

4 

9.66 

8.40 

9.0 

31  o5 

0.25 

2 

9.50 

8.82 

9.02 

14.5 

7 

2 

8.94 

8,16 

8,54 

14.0 

0.5 

2 

9.50 

8.54 

8,86 

« 

11 

ti 

9.10 

8.32 

8,74 

•  H 

n 

3 

9c00 

8.25 

8.55 

U 

16 

4 

8.68 

7.68 

8.20 

H 

0 

4 

9.48 

8.44 

9.08 

U 

0.5 

4 

8.68 

8,00 

8.32 

11 

u 

10 

5.44 

1.33 

3.50 

It 

It 

10 

5.00 

1.67 

3.50 

10.5 

ti 

2 

8.26 

7.66 

8.26 

H 

u 

2 

8.34 

7.94 

8.34 

14.0 

It 

2 

8.87 

8.40 

8.87 

Hote  (*)  Elapsed  Time  indicates  time  between  end  of  changing  and  start  of 
discharge. 
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Table  LTo.XECVH 

Test  Cells  of  Vacuum  Impregnated  Negative  Plates 


Test  Cell  Ho 
Xmpregnation  Bata 

T 

Table  Uo  -  9/30/4?  Report 

R^rperiment  ITo 

Im 

Plate  Uo 

S 

Plate  Thiclaxess 

■  nan 

Conditions 

Solution 
Temperature  . 

ITo,  of  Oyples 

Gain  in  v’/eigiit 

g 

Theoretical  Capacity 
T_est  Cell  Assembly. 

A.H. 

Bated  Oapacltjr 

A.H. 

Testing  Result^ 

Ho  of  Cycles 

Capacity 

Average 

A.E. 

High 

A.H. 

Low 

A.H, 

Ooeff  of  Utilisation 

101 

102 

103 

104 

105 

86 

109 

m  • 

....  M  to..  4 

-  XXII 

82 

83 

87 

88 

90 

115 

X16 

235 

231 

243 

223 

245 

250 

251 

2.26 

2.21 

2.33 

2.15 

2.26 

2.24 

2.30 

Vacuum  -  5 

ininut 

es  --  - 

-  -to  to.  , 

to  to.  to.  . 

Cd  Chloride  ~  ~  • 

.-t  y-  —  , 

-  —  to.  . 

-  Cd  Hit rate 

Room 

^ 

r-  ^  - 

^  .w 

to-  to.  .to 

—  1—  to. 

to-  to,  to. 

1 

2 

2 

3  . 

4 

1  -  - 

-  to.  to. 

5.2 

8,8 

9.2 

12.7 

18.5 

5.81 

6.31 

1.90 

3.22 

3,36 

4.65 

6.78 

2.13 

2,31 

Pocket  Positives 

~ 

—  to*  toto 

to.  .to 

8  -  - 

- - - 

- - - 

*  to-  ^  to 

’*4 

8 

29  - 

^  ^ 

— 

— 

to.  ^  toto 

22  - 

1.27 

2.45 

2.48 

3.44 

5.02 

1.74 

1.83 

1.58 

2.75 

2.33 

4.00 

5.33 

2.17 

2.25 

1.00 

•2.a7 

‘2.25 

'3.00 

4.58 

1.58. 

1.58 

6o,9 

76-.  1 

73.8 

■74.0 

74.1 

81.7 

79.3 

Ta'ble  Ho.  XXXVIII 


lest  Cells,  including  all-sintered  plate  Batteries 


Test  Cell  Ho. 

T 

85 

108 

115 

74-105 

86-18-50 

Inrpregnation  Data 

Positive  Plate  Only  • 

^  - 

Table  Ho, 

9-30-47 ,  Ho. 

XVII,  XVI,  XIX  6-30-47,  XXXV 

Experiment  Uo* 

Im 

117 

118 

62 

96 

23 

Plate  Thickness 

mm. 

4,28 

^  ^ 

4.73 

4.  28- 

*(4)  4.27 

Plate  Hoe 

Conditions 

s 

310 

311 

184 

267 

57 

Temperature 

00 

28-25 

Boom 

99 

20 

Pressure 

Vacuum 

^ 

— 

Atm 

Atm 

Time 

min 

5 

5 

5 

30 

20  hrs 

Ho.  of  Cycles 

1 

1 

10 

1 

1 

Gain  in  Weight 

s 

7.34 

7.22 

50.4 

16.44 

13.5 

Theoretical  Capacity 
Testing  Cell  Assembly 
Pocket  Hegatives 

A.H. 

2.12 

2.09 

i4,6 

4.76 

3.91 

Bated  Capacity 
Sintered  Hegatives 

A.H. 

No 

16 

16 

S245 

S1S7  S25O 

Theor.  Capacity 
Testing  E.esults 

A.H. 

—  — 

— 

6.78 

5. 81  2.13 

Ho.  of  Cycles 

Capacity 

22 

22 

19 

19 

.  19 

Average 

A.H. 

1.56 

1.56 

8.92 

3.76 

5.16 

High 

A-H, 

2.  CO 

2,00 

11.33 

4.08 

5.75 

Low 

A.H. 

1.33 

l»33 

6,67 

3.50 

4.64 

Ooeff.  of  Utilisation 

73.6 

74.7 

61.1 

78.2- 

132 

Hotes  (l)  T  74-105  has  the  positive  plate  from  T  74  combined  with  the 
negative  plats  of  T  I05. 

(2)  T  26-18-50  has  positive  plate  of  T  18  combined  with 
negative  plates  from  T  80  and  T  26. 

(3)  All  plates  in  T  7^105  &  T  86-I8-50  had  been  cycled  previously. 

(4)  This  plate  was  made  from  Ineo  #2,  heavy  powder. 
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’s&iiG  No.  mix 
iDesting  of  Capasity  of  Cells 
Effect  of  Sintering  Time  in  Making  Plaque 


lest  Cell  Ho. 

T 

80 

81 

82 

83 

84 

Plaque  Data 

Plaque  Ho. 

S 

218 

219 

220 

221 

222 

•Sinter  Time 

min 

10 

15 

20  • 

25 

30 

Impregnation  Data 

Table  No.  -i  9/30/^7  Export 

xyiii  ■ 

-  - - 

1.96 

1.84 

- - - - ... 

Plate  Thickness 

mm. 

2.19 

2.03 

1.85 

Con^iitions 

Time,  ' 

5  minute? 

3  " 

- - - 

Solution 

50?i>  Hi 

Nitrate 

— 

- - - - - 

Temperature 

Boom 

- - 

— 

- - 

- - - - 

•Pressure 

Vacuum 

— 

— 

^ 

Ho.  of  Cycles 

3 - 

-  ’T'  -  -  • 

• - - 

- - 

- - -  - 

Gain  in  wt^. 

s 

11,1 

S»5 

9.1 

8=5 

8.7 

Theoretical  Capacity 

A.  H. 

3.21 

2.74 

2.63 

2.46 

2.51 

Test  Cell  Assembly 
Bated  Capacity 

A.H. 

Hegative  Pocket  Typo 

g - 

»  ...  ”0*  ^ 

.  ......  —  — 

Testing  Eesults 

Ho.  of  Cycles 

22  - 

— 

Capacity 

Average 

A.  H* 

2.71 

2.47 

2.25 

1.99 

2.05 

High 

A.  H. 

3.25 

3.00 

2.75 

2.50 

2,50 

Low 

A.H. 

2.50 

2.25 

2.00 

1.83 

1.83 

Ooeff  of  Utilisation 

> 

84.7 

90.2  • 

85.6 

80.8 

81.7 

Testing  of  Positive  Plate  Capacity 


CO 

o 

i' 

0 

JEri 

rd 

0) 

+> 

o3 

% 

-p 

cd 

d 

O 

•H 

CO 


o 

c> 

Pi 

CO 

o 

U 

O 

o 

o 

5h 


I  i  i 


H 

lilt 

till 

Ill) 

1 

t  1 

til 

111 

’ill 

\D 

H 

to 

H 

UMTMTiJ-- 

H  * 

«  •  o 

m  LTk^  r^ 

1  I  t  1 

1 

1  1 

t  1  1 

to 

H 

rH 

lilt 

1  ^  r--  ( 
o  r— 

1  H  OJ  I 

1  1  I  I 

1  t  I  1 

)  I  t  1 

1  '  « 

1  ;  . 

1  i 

.  '  I 

I 

1  t 

t 

i  1 

t  o 

1  CTk 

O  -VO 

1  C  CM  . 

VD  CM^X> 

]  1  i  t 

tit 

I  1  c 

to 

VO 

ri 

CM 

CO 

rH 

tr>  O  CM 

^  \r\ir\  * 

»  0  o  CM 

LC^VD^  to 

^  to  LPvtO 
VD  O  CM  o 

C)  o  0  lOv 

^  r— 

77 

it!! 

1  CM  H  I 

o  r^ 

1  H  CM  1 

1 

i  I 

I 

1  1 

1 

I  ^ 

1  ri  1“ i 

O  ^  fd 

1  '»  rH  • 

CM  VO 

to 

CM 
■  CM 

to  r-  ITMn 
Cr^  rH  CM  ♦ 

A  c  »  rH 

vD^dr  to 

112 

lilt 

lilt 

till 

'  ,  ' 
t  I 

,  '  . 

1 

lilt 

1  t  1  t 

tilt 

VO 

H 

to 

fH 

r^,  o  Lr>,d' 

VO  O  CM  • 

«  J  9  fH 
LO^  to 

VO 

tilt 

t  j  I  t 
cj>  cn 
l  ! 

.  r?  ^  , 

I  1 
,  '  1 

1  ’  . 

1  1  ro 
vD  cr\ 

to 

^  CT\  0 
!  CM  H  in 

to 

CM 

CM 

into 

W)  O  H  • 

0  «  o  m 

^  'MD  ;d’  to 

111 

tilt 

1  1  !  t 

1  1  t  t 

!  I 

1 

t  t 

1 

till 

till 

till 

VO 

H 

to 

H 

Q  to  to  cn 
^  m  o 

9  fi  C 

r^ 

75 

till 

1  t  !  1 

to 

1  to  VO  I 
C7>iCvJ 
t  t 

1 

,  ;  . 

1  1 
,  '  , 

1  1  o 

irMr\ 

1  o 

3  W  ^  - 

1  H  H 

1 

1 

1 

f 

1 

I 

1 

min o  o 

VO  r— o  ? 

0  0  ®  CM 

^  to 

I  1 

is  1 

M,VOVO,  . 
M  CTiCM  1 

1 

;  • ; 
iS  1 

1 

ir>  o  h- 

t  o  VO  * 

O  r-l 

1 

1 

! 

I 

1 

1 

1 

I 

to  m  to  VO 
cn  to  ur\  o 

0  t  t  m 
mr=t  mto 

73 

1  t 

' 

1  H  O  1 
H 

I  I 

t  t  1 

t  t  I 

1  1  1 

\  to 

cr\VO 

1  0 

CM  0 

1  VD  H 

1 

t 

( 

1 

1 

1 

fH 

H'O  to  « 

*  0  «  CM 

m  m  CM  to 

CJ 

1  1 

'  ; 

1  H  1 

0  1  1 

r*4 

O  1  I 

VD 

O  ;d*  cn 
,H  0  to 

0  roH 

1 

1 

1 

1 

1 

I 

1 

VD  to  Ojt 
i^\0  o  ^ 

0  0  c  VD 

mto 

H 

r— 

’  '  ^  1  '  S’  w 

a’ '  ' 

^  S  OJ-:*  W  O  H  CJ 

1 

1 

to 

1 

1 

CM 

CM 

to  m  m  o 
^  to  m  • 

i>  •  <■  m 

CM  CM  CM  to 

B* 

O 

o 

01  W 

.S  M  -4 

W 

-4 

•  ^  .  _i 

WWW 

•  «  • 

-A 

o 

i25 

H 

H 

0 

o 

4* 

CO 

O 

&< 


•P 

o 

& 

pci 


05 

-p 

o5 

Pi 

PJ 

o 

•r^ 

‘S 

f-i 


ut 

crC 

1 

o 

I2i 

<D 

H, 


0 


OJ 


o 


O 


0 
0 
0 

W 

P 
o 

•H 
♦P 

0 

+3  nd 
a  oj  d 
H  H  o 

Ai  fM  » 


•H 

■x^  0 


old 

i25 


43 

o5 

0 


•P 

•H  . 
Q  >»1 

TO  ri 
R-i 

15  ^  ^ 

rd  O  0 

w 

^.Sh 

*P  ^^ 
0  0 
u  o 
o 

0  p 


d 

«H 


W  6^  P< 


o5  fd 
Kb  Bi 


0 

0  >s 
>  4^  W 
‘H  -H  P 

■S 

i  S2i  o  Pt 


»-d  yi 
0  d 

p 

PI  g_ 

cut  I 


>;»  0 
P  ^ 

Q  d  rd 

^  0  y) 

o  S'  ^  a 

525  P 


d 

o 

•H 

P 

OJ 

0 

•H 

H 

•H 

P 

P 

<H 

O 


Jr  'H 
o  0 
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Table  No.  XXXXI 

Testing  of  Positive  Plate  Capacity- 
Effect  of  Atmospheric  Impregnation  at  Elevated  Temperatinres 


Test  Cell  No. 
Impregnation  Data 

T 

64 

65 

66 

67 

6s 

Table  Ho.  -  9/30/47  fieport 

XIX  -  • 

-  -  -  -  - 

-  — 

-  XX  -  • 

Experiment  Ho. 

95 

97 

99 

107 

109 

Plate  Ho- 

S 

262 

263 

264 

283 

284 

Plate  Thickness 
Conditions 

mm 

2.19 

2.19 

2.19 

2.19 

2.19 

Solution,  56  Ni(N03)2 
Temperatiire 

60  -  - 

—  r*  < 

- - 

•  -  50  - 

- - - 

Oc 

990  „  . 

- - 

- -  'X 

Pressure 

Atmospheric  - 

- - 

- - 

Ko*  of  Cycles 

1  -  -  . 

-  - - - 

11.16 

— , - 

Gain  in  w/oight 

s 

S.I7 

9.21 

5.24 

6.58 

Theoretical  Capacity 
Test  Cell  Assembly 
Pocket  Negatives 

A.  E, 

2.36 

2.66 

3-23 

1.51 

1.90 

Bated  Capacity 

Testing  Results 

A.H. 

8 - 

M 

M 

^  M 

f-#  « 

Ho.  of  Cycles 

Capacity 

22  -  - 

1.96 

2.74 

l.l4 

1.69 

Average 

A.H. 

1.87 

High 

a.h. 

2.08 

2.08 

3.25 

1.3'? 

2.08 

Low 

A.  H. 

1.52 

1.5s 

2.33 

1.00 

1,50 

Ooeff.  of  Utilisation 

‘J> 

79.3 

73.7 

84.9 

75.6 

89.0 

Table  Uo.  XXXXLI 


Testing  of  Positive  Plate  Capacity 
Effect  of  Multiple  Cycles  of  Atmospheric  impregnation 


Test  Cell  Nod 

m 

A. 

96 

G-1 

95 

121 

G-2 

122 

Inrpre^fiation  Data 

fa'ble  Noo 

Xil  - 

-  «  -  • 

.  - - 

XX  -  - 

^ 

Experiment  No. 

Ira 

I52D 

.  152s 

152G 

I5ID 

I5IE 

I5IG 

Plate  No. 

s 

336 

340 

359 

352 

354 

355 

Plate  Thickness 

mm 

2.26 

2.26 

2.24 

4.32 

4.29 

4.29 

Conditions 

Temperature 

Room  - 

- - 

- 

,  - - - 

-  ^  _ 

—  r*. 

Pressure 

No.  of  Cycles 

Atmosp 

4  -  -■ 

iheric  Vac  Atmospheric 

Vac 

wr 

G-ain  in  Weight 

s 

12.33 

12. 4o 

13.13 

26.96 

26.30 

28. 90 

Theoretical  Capacity 

A.H. 

3.53 

3.59 

3.  SO 

7. 81 

7.62 

8.36 

Test  Cell  Assembly 

Pocket  negative 

Hated  Capacity 

A.  H. 

4 

- 

4 

8 

-  - 

S 

Sintered  negative 

Plate  Ho. 

292 

-  . 

- 

321 

**  r 

Theoretical  Capacity 

A,*  xi[« 

-  - 

6.06 

«  - 

— 

12. 5S 

^  - 

Testing  E.es^^lts 

No.  of  Cycles 

IS  -  - 

.  - - 

- - 

19 

IS 

Capacity 

Average 

A.H. 

2.99 

2.95 

3.13 

6.54 

6.27 

6.70 

High 

A.H. 

3.17 

3.^3 

3o33 

7.0s 

1.00 

7.33 

Low 

A.H. 

2.70 

2.6s 

£.85 

6.12 

5.71 

5.  S3 

Coeff  of  Utilisation 

83. S 

82.2 

82.4 

S3.S 

82.3 

SO.l 

Q?ablo  loc  Xmill 


Testing  of  Hegative  Plate  Capacity 
Effect  of  Multiple  Cycles  of  Atmospheric  In5)regnation 


Test  Coll  Ko.  • 
Impregnation  Data 

T94 

TII7 

TI16 

TII8 

TI19 

T120 

Table  No. 

XIV  ~ 

w  w.  - 

^  ^ 

-  XV  - 

E'/periment  No. 

l4i 

143 

133 

l46 

l4-4 

134 

Plate  No. 

S 

305 

306 

295 

333  . 

332 

322 

Plate  l^hickaess 
Conditions 

mm 

2.0 

2.2 

2.1 

4.0 

4.3 

4.1 

Temperature 

Room  - 

.  ^  , 

^  ^ 

^  ^ 

Pressure 

Atmospheric  - 

~  ~ 

.  .w  - 

Cycles 

No. 

2 

2 

3 

2 

2 

3 

Gain  in  Weight 

S 

12. 52 

12. 4o 

17.02 

26.57 

26.59 

34.8 

Theoretical  Capacity 
Test  Cell  Assembly 
Pocket  Positives 

A.  H. 

4.61 

4. 54 

6.24 

9.74 

9.74 

12.7 

Rated  Capacity 
Testing  Results 

A.H., 

4 

8 

8 

8 

9 

9 

No.  of  Cycles 

Capacity 

18 

18 

17 

18 

17 

18 

Average 

A.H. 

4.16 

4. 14 

5.25 

6.46 

6.35 

6.  S3 

High 

A.H, 

4.58 

4.75 

6.00 

8.08 

7,83 

9.O8 

Low 

A.H. 

3.70 

3-75 

4.93 

5.08 

5.o4 

5. 08 

Ooeff  of  Utilisation 

90.3 

95.5 

84.3 

66.5 

65.3 

53.5 

